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Re:

H A N D . D E L I V E R S

a:
Dear Ms. Greeney:

Mass M e r c h a n d i s e r s , I n c . submits these comments o n E P A ' sProposed P l a n of A c t i o n for the Arkwood s i te and on theA d m i n i s t r a t i v e Record. As set f o r t h more f u l l y be low and in thes u p p o r t i n g documents , M M I vehement ly o p p o s e s E P A ' s p r o p o s a l f o ron-site incineration of all a f f e c t e d m a t e r i a l s at the Arkwoods i te. T o t a l on-site incineration o f a l l a f f a c t e d m a t e r i a l s i snot warranted by site condi t ions , is not cost e f f e c t i v e whencompared to other remedial a l t e r n a t i v e s , and is not a c c ep tab l e tore s ident s o f the local community. The F e a s i b i l i t y S t u d y Reports tate s that c o n s o l i d a t i n g and c a p p i n g the a f f e c t e d s o i l s , coup l edwith o f f - s i t e incineration of the more heavi ly contaminatedm a t e r i a l s , ( i . e . , A l t e r n a t i v e D in the F e a s i b i l i t y S t u d y ) , wouldc o m p l y with AHARs and provide overall p r o t e c t i o n of human h e a l t hand the environment. If EPA ins i s t s on treatment of the a f f e c t e ds o i l s , which we r e s p e c t f u l l y submit would be in error, any f o r mof treatment at the s i t e — e v e n inc lud ing i n c i n e r a t i o n — m u s t bepreceded by slave and wash to reduce volume, increase homogeneityof the m a t e r i a l s to be treated, and enhance coat e f f e c t i v e n e s s .

1.
t o Human H e a l t h
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The c o n d i t i o n s at the Arkwood s i te are f u l l y evaluated inthe Remedial I n v e s t i g a t i o n R e p o r t , which was approved by E P A .T h i s i n v e s t i g a t i o n i d e n t i f i e d n o s i g n i f i c a n t adverse environ-mental impact f r o m c o n d i t i o n s r e l a t e d to the Arkwood site. Ina d d i t i o n , an Endangennent Assessment examined the p o t e n t i a l foradverse human h e a l t h e f f e c t s based upon various h y p o t h e t i c a lexposure scenarios. So l ong as minimal re s tr i c t ions are p l a c e don u*e of the Arkwood s i te for r e s id en t ia l use, all of thehypo th e t i ca l exposure scenarios r e su l t ed in an est imated riskprior to r e s ed ia t ion that is wel l w i t h i n the range o r d i n a r i l yaccepted by the Ag_-ncy a f t e r r emedia t ion is. c ompl e t e . EPAapproved th i s Endangerment A s s e s s m e n t , but l a t e r r e c a l c u l a t e d thee s t imate s o f risk to human h e a l t h u s ing newly a d o p t e d T o x i e i t yEquiva l ency F a c t o r s ( T E F ) f o r d i o x i n a n d f u r a n s a n d using m e t h o d sd i f f e r e n t f r o m those a p p r o v e d in th e Endangerment A s s e s s m e n t .t£A then used th i s r e c a l c u l a t e d risk as s u p p o r t for i t s d e c i s i ont o recommend to ta l on- s i t& in c in era t i on o f a l l a f f e c t e dm a t e r i a l s .
M M I c*nnot under s tand t h e A g e n c y ' s u n i l a t e r a l dec i s ion t or e c a l c u l a t e the risk assessment f i g u r e s based upon the new TEFvalues and changed m e t h o d o l o g y wi thout notice or m e a n i n g f u lo p p o r t u n i t y f o r comment b y M M I . I f M M I h a d received notice a n do p p o r t u n i t y to comment, the company could have e x p l o r e d thef a c t u a l ba s i s and s c i e n t i f i c reasoning r e l i ed upon by the A g e n c yto d e v e l o p the new risk values. As mat t er s now s t a n d , however/there is no f a c t u a l basis in the A d m i n i s t r a t i v e Record to s u p p o r tthe newly c a l c u l a t e d risks. Nor i s there an> e x p l a n a t i o n of thes c i e n t i f i c reasoning upon which bhe revised TEF values are based.Moreover, if MMI had received notice and an o p p o r t u n i t y tocomment on the A g e n c y ' s d e c i s i on to use the new TEF values andchangs t f m e t h o d o l o g i e s , the company could have addre s s ed othernewly emerging s c i e n t i f i c and r e g u l a t o r y i n f o r m a t i o n r e la t ed tothe risk assessment c a l c u l a t i o n s . For e x a m p l e , new.ly emergings c i e n t i f i c i n f o r m a t i o n indi ca t e s t h a t , even i f th e new TEF valuesare a c c e p t e d , c ount erba lanc ing a d j u s t m e n t s should be made tor e f l e c t more current u n d e r s t a n d i n g of the l i m i t e d uptake andb i o a v a i l a b i l i t y o f d i ox in s . E P A ' s u n i l a t e r a l dec i s ion t or e c a l c u l a t e the risk e s t imat e using new TEF values and changedmethodo logy, but without using the comparable now i n f o r m a t i o nregard ing u p t a k e and b i o a v a i l a b i l i t y , is cr i t i cal bacause ther e s u l t i n g r e c a l c u l a t i o n s erroneously overes t imate risk f a c t o r sfor the Arkwood site.
KMI retained an independen t c o n s u l t a n t , M c l a r e n / H a r t , toanalyze the quantitative impact of the more current s c i e n t i f i ci n f o r m a t i o n regarding uptake and b i o a v a i l a b i l i t y of d i o x i n , andto review both the Endangerment Asse s sment and the EPA recalcu-la t ion of risk. M c L a r e n / H a r t *s analysi s assumed, without change,
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t h e A g e n c y ' s n e w T E F values f o r t h e o c t a c h l o r o d i b e n z o ~ p - d i o x i n ,but the a n a l y s i s a l s o incorporated reasonable a d j u s t m e n t s tor e f l e c t the more current u n d e r s t a n d i n g of the l i m i t e d u p t a k e andb i o a v a i l a b i l i t y o f d i o x i n s . T h i s a n a l y s i s , which i s in c luded inthe at tached d i s c u s s i o n / arrives at new risk e s t imate s that aretwo orders of magni tude lower than the e s t ima t e s reached in theor ig inal Endangerment Ass e s sment . F i n a l l y , E P A d i s r e g a r d e d s i tes p e c i f i c c o n d i t i o n s when p r o p o s i n g th e d i o x i n c l e a n u p l e v e l s o f2 0 p p b ( a s 2 , 3 , 7 , 8 e q u i v a l e n t s ) .
E P A ' s f a i l u r e t o give notice a n d a n o p p o r t u n i t y t o commenton its deci s ion to recalculate the Arkwood risk estimates basedupon the new TE.F values is compounded by the new TEF fs not havingundergone f o r m a l a d o p t i o n through A g e n c y ru l eu tak ing or anyc omparab l e l e g a l process. In the absence of any such pro c e s s ,the new TEF values are not e n t i t l e d to any greater weight ord e f e r e n c e than any other s c i e n t i f i c theory or e s t ima t e . It i sH M X ' s u n d e r s t a n d i n g , however, that E P A h a s a d o p t e d a p o l i c y o fa p p l y i n g the new TEF values without e x c e p t i o n in order to promotethe goal o f interagency and in t ernat ional u n i f o r m i t y . W h i l e thegoal of u n i f o r m i t y may have general m e r i t , it should not bea p p l i e d in a manner that d e p r i v e s a f f e c t e d p a r t i e s of anyo p p o r t u n i t y to comment upon the s p e c i f i c a p p l i c a t i o n in ques t ion.
2 - T h e W a t e r Line T h a t _ _ I s Being I n s t a l l e d E l i m i n a t e s A n vR i s k Due_to P o s s i b l e Future. C o n t a m i n a t i o n o f N e a r b yDomestic W e l l s .
The p r i n c i p a l p o t e n t i a l and perceived ri sk f r o m the Arkwoods i t e — t o the degree there is any risk at a l l — a r i s e s f r o m thep o t e n t i a l f o r f u t u r e contaminat ion o f dome s t i c w e l l s i m m e d i a t e l ydovngradi ent f r o m the site. A l t h o u g h none o f the w e l l s s a m p l e dduring the Remedial I n v e s t i g a t i o n showed contaminat ion r e la t ed tothe Arkwood site, the po t en t ia l and perceived risk for exposurethrough f u t u r e use of waher f r o m dome s t i c w e l l s w i l l be e l i m i -nated by the ex tens ion o£ the Omaha p u b l i c water system to alla f f e c t e d residences. As r e f l e c t e d in the at tached m a t e r i a l s ,ex tens ion of the munic ipal water l ine s is a l r eady underway.T h u s , none of the remedial a l t e r n a t i v e s can be j u s t i f i e d by risksre la t ed to the p o t e n t i a l for f u t u r e c on taminat i on o f domes t i cw e l l s .
3. A l t e r n a t i v e _ D . . - Inc inera t e . j S l u d c r e s / C o n s o l i d a t e and CapA f f e c t e d S o i l s - F u l l y s a t i s f i e s A l l - S i g n i f i c a n tRemedial concerns.
Remedial A l t e r n a t i v e D in the F e a s i b i l i t y S t u d y propo s edo f f - s i t e incineration of the more h e a v i l y a f f e c t e d ma t e r ia l s atthe site and conso l idat ion and capp ing of the lesser a f f e c t e d
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s o i l s . T h i s a l t e r n a t i v e would achieve the permanent des truct ion,through o f f - s i t e in c in era t i on , o f a p p r o x i m a t e l y 40% of the con-taminants at the site. The balance of the contaminants s t ronglyadhere to the s o i l s . C o n s o l i d a t i n g and c a p p i n g these m a t e r i a l swould e f f e c t i v e l y e l imina t e th e p o t e n t i a l f or f u r t h e r exposure byp r e c l u d i n g direct physical contact and reducing i n f i l t r a t i o n ton e g l i g i b l e l e v e l s . 3PA r e j e c t e d thi s a l t e r n a t i v e on the theorythat the capped material could be sub j e c t to ca ta s trophic f a i l u r ein the event a s inkhole f ormed in the area. The on ly s u p p o r t forthis notion of ca ta s t r oph i c s inkhole f a i l u r e is an internalAgency memorandum prepared well a f t e r the remedial I n v e s t i g a t i o nand F e a s i b i l i t y S t u d y r epor t s were c o m p l e t e d and approved by EPA.MMI asked the independent consultant that had prepared the RI/FSr e p o r t s , E R M - S o u t h w e s t , to review tha memorandum and comment ont h e A g e n c y concerns. E H M ' s comments a r e s e t f o r t h i n t h eattached mater ial s . E R M concludes, i n essence, that K P A ' sconcerns are not cons i s t ent with the accumulated k n o w l e d g e wehave regarding the geo logy of the Arkwood site and v i c ini ty.Moreover , ERM c o n c l u d e s that the A g e n c y concerns r e g a r d i n gc a t a s t r o p h i c e n c a p s u l a t i o n remedy f a i l u r e due to s inkho l edeve lopment could be addressed by a p p r o p r i a t e de. s ign andm o n i t o r i n g techniques.

4 . EPA f f u m m a r i l v _ R e - i g c t . e d _ A _ M Q r e . - . C Q a t E f f e c t i v eRemedy Rec en t ly P r o p Q s e t d _ A t A W o o d Trea tmen t . S i t ein_ Region 6»
The Arkwood F e a s i b i l i t y S t u d y included a T r e a t a b i l i t y S t u d ywhich e s t a b l i s h e d that most of the c o n t a m i n a n t s reside in thtf i n e r f r a c t i o n of soil p a r t i c l e s , and that dramat i c r educ t i on s involume of contaminated mater ia l s can be achieved by sieve andwash techniques which s e p a r a t e the contaminated f i n e s f r o m thee s s e n t i a l l y uncontaminated rock f r a g m e n t s in tha native soil.The T r e a t a b i l i t y S t u d y a l so e s t a b l i s h e d that the f i n e s could b eb i o l o g i c a l l y treated to concentrations at or below the PCP actionl eve l s proposed f o r t h e Arkwood site. E P A ' s Proposed P l a n ,however, r e j e c t e d sieve and wash p l u s b i o l o g i c a l t r ea tmen t ,a p p a r e n t l y on the ground that b i o l og i ca l treatment would notde s t roy the trace l e v e l s of d i o x i n f o u n d in some of the waste.MMI be l i eve s that tha Agency' s reasoning in th i s regard i sincorrect. Even i f ona ignores the d iox ins , EPA's Proposed Planrecognizes that b i o r emed ia t i on "destroys most of tha contamina-tion f ound o n s i t a ( . J " (Propo s ed Plan o f A c t i o n , p . 6 . )E f f e c t i v e treatment of tha dioxin could also be achieved byi n c l u d i n g s t a b i l i z a t i o n as an element of th i s remedy for thef ine-grained material a f t e r the biological treatment s tep. It iswel l e s t ab l i s h ed that s t a b i l i z a t i o n is an a f f e c t i v e treatmentt e chno logy f or dioxin. I n d e e d , tha combination o f b i or emedia t i onf o l l o w e d by s t a b i l i z a t i o n was recently selected by EPA as the

•a*

thunter
008656



M l T C H E U L . W l L U A M S . S E I 4 C S e T t T C E B B

Ms. E l l e n D. GreeneyS e p t e m b e r 14, 1990Page 5

p r e f e r r e d remedy in the Texarkana Wood Preserving CompanyProposed P l a n o f A c t i o n . MMI r e s p e c t f u l l y submit s that there i sno basis in the record for r e j e c t i n g at the Arkwood site the sameremedial t e c h n i q u e s — p r o v e n to be e f f e c t i v e in =a s i t e - s p e c i f i ct r e a t a b i l i t y s t u d y — w h i c h were approved by the A g e n c y forcomparable contaminants at the Texarkana Wood Preserving Companysite.
5. S i e v e and W a s h S h o u l d Precede Anv TreatmentT e c h n o l o g y S e l e c t e d f o r . t f t e A r k v o o d . . S i t e .
The a u r f i c i a l res iduum at the Arkwood s i t e is p r i m a r i l y ared cherty clay. Vi sua l observation of this site indicates thata m a j o r i t y of th i s m a t e r i a l , by volume, consist s of chert rocks.C o m p o s i t e s a m p l i n g dur ing t h e T r e a t a b i l i t y S t u d y c o n f i r m e d thata p p r o x i m a t e l y 70% of this material is greater than 12 mesh (0.055i n c h e s ) in size. T h i s coarse mater ia l was almost e n t i r e l y chertrock.
As noted above, the T r e a t a b i l i t y S t u d y a l so e s t a b l i s h e d thata m a j o r i t y of the contaminants at the Arkwood site reside in thef i n e - g r a i n e d m a t e r i a l . A p p l i c a t i o n o f sieve and wash techniquesseparated these contaminated f i n e s f r o m the chert rocks. S a m p l e sa n a l y z e d d u r i n g t h e T r e a t a b i l i t y S t u d y i n d i c a t e d that u s e o fsieve and wash techniques reduced the concentrat ions of PCP inthe coarse mater ia l s below the proposed action l ev e l s , andreduced t h a concentrat ion o f carcinogenic P N A ' s below a n yreasonable c l eanup l ev e l .
T h e r e s u l t s o f t h e T r e a t a b i l i t y S t u d y c l e a r l y ind i ca t e thatsieve and wash is a c o s t - e f f e c t i v e means of reducing the volumeof c on taminant s to be d e a l t with. The sieve and wash processproduce s a r e l a t i v e l y homogenous f i n e m a t e r i a l , which is muchmore s u s c e p t i b l e to e f f e c t i v e treatment at reduced cost andreduced tima f or c o m p l e t i o n .
Based upon the r e su l t s o f the T r e a t a b i H t y S t u d y , MMIsubmits that sieve and wash must be inc luded as a pre-treatraents t e p b e f o r e any treatment remedy that might be selected at theArkwood sit*.
6 . A n q f r f t e r Raaedial A l t e r n a t i v e E x i s t s W f r i c h W o u l d BeP r f t f e , r a b l a to the p r o p _ o s f i d Rameciv.
E P A ' s p r e f e r e n c e f o r on-site incineration repre sent s adramatic departure from the po s i t i on expressed by the Agency at ap u b l i c hearing in Omaha on February 12, 1990. The RegionalProj e c* . Manager for the site s tated that the p o s s i b i l i t y of on-

thunter
008657



M I T C H E I - L . W I L L I A M S . S E L I O B e T C C K B B

Ms. E l l e n D. GreeneyS e p t e m b e r 14, 1990Page 6
site incineration of any material was "very s m a l l , very small ."( T r a n s c r i p t o f F e b r u a r y 1 2 , 1990 P u b l i c H e a r i n g , p . 7 1 . )

EPA's change o f p o s i t i o n a p p a r e n t l y arises ou t o f two newcons idera t ions: the recent revision in the T o x i c i t y EquivalencyF a c t o r s for d i ox in s and the recent concern about c a t a s t r o p h i ce n c a p s u l a t i o n remedy f a i l u r e due to s inkhole d ev e l opmen t . Forthe reasons exp la ined elsewhere in these comments, HHI believesthat neither of these new concerns has t echnical merit or f a c t u a lbasis as re la t ed to the Arkwood site. A s s u m i n g , however, thatthe Agency per s i s t s in its recently developed concerns, MMIsubmits that sieve and wash f o l l o w e d by in situ v i t r i f i c a t i o n isa remedial a l t e r n a t i v e which would f u l l y s a t i s f y t h e A g e n c y ' sconcerns. T h i s a l t ernat ive would also equal or exceed thet echnical o b j e c t i v e s o f t o t a l on-site inc inerat ion at far le s scost and wi th far greater l i k e l i h o o d of community acceptance.
MMI recognize s that in s i tu v i t r i f i c a t i o n was d i smi s s ed f r o mf u r t h e r c o n s i d e r a t j . c n d u r i n g th e e a r l y s tage s o f t h e F e a s i b i l i t yS t u d y due to concerns that the technology was not then commer-c i a l l y p r a c t i c a b l e . S i n c e that time, however, s i g n i f i c a n tadvances have been mads in p r a c t i c a l a p p l i c a t i o n s of the tech-no logy, and in commercial a v a i l a b i l i t y of a vendor c a p a b l e ofactual remedy impl ementa t i on . Based on current knowledge, ins i tu v i t r i f i c a t i o n o f th e f i n e - g r a i n e d m a t e r i a l s c oup l ed wi th th esieve and wash techniques described in the F e a s i b i l i t y S t u d y ,represents a v iable remedial op t i on for the Arkwood site. Forp r e c e d e n t , we r e f e r you to the recent Record of Decis ion at theCrab Orchard N a t i o n a l W i l d l i f e S i t e ,
To the extent that EPA f e e l s i t may lack i n f o r m a t i o ns u f f i c i e n t to select soil w a s h i n g / i n s i tu v i t r i f i c a t i o n as aremedy a l t ernat ive , MMI requests that the Agency d e f e r f i n a lremedy s e l e c t i on and a l l o w MMI to conduct a Focused F e a s i b i l i t yS t u d y of a remedy based upon sieve and wash t e chno l og i e s p l u s insitu v i t r i f i c a t i o n . Such a Focused F e a s i b i l i t y S t u d y couldinclude t r e a t a t a i l i t y s tudies with bench scale demonstration ofthe f e a s i b i l i t y of t r e a t i n g m a t e r i a l s f r o m the Arkwood site by insitu v i t r i f i c a t i o n t e chnology.
MMI recognizes that EPA does not o r d i n a r i l y revisit com-p l e t e d f e a s i b i l i t y s tud i e s on the basis of subsequent d e v e l o p -ments in treatment technologies. MMI submits that fur ther studyis warranted in th i s case due to the unexpected concern aboutdiox in and c a t a a t r o p i c s inkho l e d eve l opment expressed a f t e rcomplet ion and approval of the Remedial Inve s t iga t i on andF e a s i b i l i t y s tudy reports. T h e r e are no imminent hazards orother s i te condi t ions that would warrant or require immediateaction. Moreover, MMI has cooperated f u l l y with EPA throughout
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Ms. E l l e n D. GreeneyS e p t e m b e r 14, 1990Page 7

A g e n c y , and it shou ld n i t i a t e v f^" r e c l P r ° P a t i o " by theM M I ' s request f o r f u r t h n r 2t,^ y A g e n c y concern that g r a n t i n g
s i t e s as a precedent fo? r± ^"^ be.cited by K*« in othero r d e r l y CERC^ process? r<8quests that »i«ht f r u s t r a t e the

f o l l o w ? mi oppos e s n EPV« m »^ d e t ? H e d s u p p o r t i n g documents which
o f a l l a f f e c t e d m a t e r i a l s Zl°%?l £ ° r $ ° t f 1 ° n - s i t e inc inera t i onA l t e r n a t i v e D is the mos? »L*he Ar^wood site- MMI be l i eves that
o b j e c t i o n s that E P A h a s r.iEET1^ r e m e f Y f ° r t h e site" T h s

by the a d d i t i o n of a t a b i l f i » ? f tO ^ t a r aati v e D can be resolvedremedy. MHI d i s agr e e s wi th t t S " *"? ^ormrater c o n t r ° ^ to the
have p r o m p t e d tha^gency to ^ ? e c r t o ; a r ^ ° ^ L C ° n C e r n S W h i C h

f i c a t i o n . MM? b e l i e v l a t h f t 8 l u V e a" d wash p l u s i n s i tu v i tr i-
to t o t a l o n ™ i t e I n c i n e r a t i o n U C i f %hn d Y WOU,ld b S f a r a uP e r i o r

request t o conduct a Focu s ed F e a s L u f t ^ ^ L ^ K " M H I ' S

b e l i ev e s that a n v tr ea tment , f ? i - y f t u d V ' t h e companyinc inera t i on- shou ld be D r L ^ r K a t l V e ~ T i n c ^ u d i n « even on-s tra t ed sieve and wash ^ a p p l i c a t l o n o f

A G : g s

R e s p e c t f u l l y s u b m i t t e d ,
M I T C H E L L , W I L L I A M S , S E L I G & T U C K E R

By
A l l a n G a t e s

Counsel f o r Mass M e r c h a n d i s e r s , I n c .

cc: Arkansas Department of P o l l u t i o nControl and Eco l ogy AU1^on
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T E C H N I C A L S U P P O R T F O R P U B L I C C O M M E N T SO F M A S S M E R C H A N D I S E R S , I N C .
A r k w o o d , I n c . S i t eOmaha.- A r k a n s a s

P r e p a r e d F o r :
M a s s M e r c h a n d i s e r s , I n c

S e p t e m b e r 14, 1990

Prepared By:
E R M - S O U T H W E S T , I N C .16000 Memoria l Drive , S u i t e 200H o u s t o n , T e x a s 77079

( 7 1 3 ) 496-9600

0840
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*Lt*H G A T E S
B»I M O f i A M
* « ;. *OCC*A"0
« ' G » A £ i , C 3 " A i t E *
-C«N c -EC-St.30»n ( r c s * ' a
- C A U D S * " C ' 8 u " G e ' »

LAW OmcES
M I T C H E I X , W U X I A M S , S E L I G & T U C K E R

I O O O S A V E H S F E D E R A L B U I L D I N G020 WEST CAPROL AVENX-El-rm& ROCK. ARKASSAS 73201TELEPHONE soi-ess-eeooT E L E F A X

3 - e R f l v o S A * * . E >

B£*«0

688-8816

S e p t e m b e r 14, 1990

<*oaeav u EUSJIMBS. -

A M C E LT C L . M A R T I NT H O M A S
C O t E t U M . B A f X i E R

5 T U A S T P U i L k C R
C k l t U C A P E S C M

A 8 R A M A M *. a O S O S L A V S M Y
I A M C E R . U I L L C O

L. 0 A A M E R it
W I L S O N

O, J X X > E B SN rmc >iF R E E M A N
A M E ( . U L . W b S L E TAH* o.

M s . E l l e n D . GreeneyC o t f t f f i u n i t y R e l a t i o n s C o o r d i n a t o rO . S . E P A ( 6 H - M C )1445 S o s s Avenue
D a l l a s , T e x a s 7 5 2 0 2 - 2 7 ^ 3

H A N D

Re: Comments o f M a s s M e r c h a n d i s e r s , I n c . o n E P A ' s Propos edP l a n o f A c t i o n f o r t h e A r k w o o d , I n c . S i t e , Omaha,A r k a n s a s
Dear Ms. Gre eney:

M M I ' s comments o n t h e E P A P r o p o s e d P l a n o f A c t i o n f o r t h eArkwood s i t e notes that there have been cer ta in omis s ions f r o mthe A d m i n i s t r a t i v e Record. MMI .as asked that these omi s s i on ss h o u l d be corrected by a d d i t i o n o ;Ha m a t e r i a l s to the f i n a lA d m i n i s t r a t i v e Record. A l s o , atx:a,.rted y o u w i l l f i n d i t ems whichshou ld be i n c l u d e d in the A d m i n i s t r a t i v e Record as s u p p l e m e n t s toM M I ' s comments:
- A v i d e o t a p e of the Febi .-v 12, 1990 EPA P u b l i c M e e t i n g inOmaha, Arkansa s . A trar.^c*:ipt of th i s m e e t i n g is i n c l u d e das an a p p e n d i x to the main comment submit ted by MMI.
- A Kovember 15, 1989 EPA memorandum f r o m I u - r . d a l l Brown toLarry W r i g h t r e g a r d i n g the d i s p o s a l o f wood t r e a t i n g waste sf r o m the Arkwood s i te.
- A l e t t e r da t ed J u l y 24 , 1990, f r o m R^yn-on l - . P. . j . ' .v* .on t oF r a n k Conner, and a copy of U . HarhU-on's. ci • ̂  icy? * •« vi^ae.Dr. H a r b i s o n ' a l a t t e r was s ubmiu t td rr* a p^t i- 'r . t o f r»ahkC o n n e r ' s s ta t ement a t the J u l y 36, 1900, R u J . i r M6et«,ng and Ishould have bean in c lud ed in th r«cor£-..af t i i i o
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W I L L I A M S . S E L I G & T C C K B H

Ms. E l l e n D. GreeneyS e p t e m b e r 14, 1990Page 2

A G : g sEnclo sure s

Very t r u l y yours,
M I T C H E L L , W I L L I A M S , S E L I G & T U C K E R

By
A l l a n G a t e s

cc: A r k a n s a s Depar tment ofP o l l u t i o n Contro l & E c o l o g y
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J U N ! T S O S T A r e S A ^ 5 s Cvi

M O V

S U B J E C T ; O l i p o u l o f W o o d T r m i f i g t i i t t uA p J u o o d I n c * y S u p c r f u n d S i t «
F R O M :

t h f
CM tf •R C R A E n f o r c « a t f i t S n n c h ( 6 H - C )

T O : Urry H e i g h t , A c t i n g C h l t f£ f l f o r c t r a « n t ( 6 H - H )
This mwwra/uium U in r e s p o n s e to your riqu«st ford « t t < f n M 1 n g wh« th tr t h < w t s t i s i t C h « ' A r k w e o d s i t ewhi ch w o u l d f t q u t r i s i x n1n«s d c t t r u c t l o f l 1 f

inM l o x I n * w a s t i s
I n i U t t i r d i e t d March 4 , 1986, f r o f f l l j o h n S k 1 n n * r ( O f f l c * o f S o U d W i s t i )C o W « U « r T i U r t t t ( ^ M P U 4 n Wood ?r«s*rm I n i t i t u t t ) , i n 1nterpr«t« t1ons f th« «DdHcib1lUy o f th« d l o x l n ru1« t o w«stn $ t n t r « t « d t t wood-t r e i t l n g f i c l l U U i t U t e d t h t t w i t n s t t s fro* th«st o p i r t t l o n i w o u l dnot b« e o n s l d i r t d to b i 'dloxl i 1 unt i l u n U i s such wiius m«t theo f ' 0 2 1 , F 0 2 7 , o r * F028 (i<t i t t i c h m n t ) .

c o n v t r s i t i c n t b«mtn R u t h U ^ « H f i n d J t r r y T r u l t t o f m y m f f i t4<ri mt Chi W 4 i s « M t v r U l a it th« A r t c w o o d s i t t w o u l d not t>«c o r t t l d a ^ i d to b« " d l o x l n " weato t* If' you h4v« wy que s t i on! , p l m »c o n t a c t J a r r y T r u l t t o f « y s t i f f ,
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C U R R I C U L U M V I T A E
Raymond D. H a r b i s o n , M.S., Ph.D.Profe s s or and DirectorC e n t e r f o r Environmental T o x i c o l o g yU n i v e r s i t y o f F l o r i d a
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_ _ _ C U f l f l l C U L U M V I T A E
Raymond 0. Harbison, M.S., Ph.D.Profes sor and DirectorCenter for Environmental Toxico logyUniversity of Flor idaGainesville. Florida

H o n e Addre s s : 6519 Newberry Road, #109G a i n e s v i J I e . F l o r i d a 32605
Date ana Place of Birth: January 1. ?943, Peru. Illinois
E D U C A T I O N
Drake University. Des Moines. Iowa - 1961 to 1965, 8.S.
Univer s i ty of Iowa, Iowa C i t y , Iowa -1965 to 1967, M.S. (Pharmacology) -The s i s : Induced hyperDilirubinemia and a quantitative method c. -nalysis ofdiazot ized bilirubin.

Ph.D. ( P h a r m a c o l o g y / T o x i c o l o g y ) - Dissertation: S t u d i e s on the mechanism ofl eratogenic action ana neonatal pharmacology of d iphenylhydantom.
SUMMARY OF EXPERIENCE
1989-PresentDirector. Cent er for Environmental T o x i c o l o g y . Univers i ty o f F l o n d a .
1989-PresentStaf f , £ ' Vincent I n f i r m a r y Medicai Center , Li t t l e Rock. Arkansas.
1989 - PresentN a t i o n a l I n s t i t u t e o f Drug Abuse. Pharmacology I I S t u d y Review G r o u p
1988-PresentProfessor, Deoartment of Pharmacology and Therapeutics , School of Medicine,Univers i ty o f Flonda .
1988-PresentProfessor. Department of Physiological Sciences, H e a l t h Science Center. Univer s i ty ofF l o r i d a .
1987-PresentClinical Profe s sor , Department of Preventive Medicine, Medicai C o l l e g e of Wisconsin,Milwaukee , Wisconsin.
1986-PresentN a t i o n a l Inst i tu t e o f Environmental Heal th Sciences S t u d y Review Group
1984-1985Chairman, National I n s t i t u t e of Occupational Safety and Health S t u d y Review G r o u p
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^82-1986Editorial Board. F u n d a m e n t a l and Applied T o x i c o l o g y
398C-PresentSocie ty of T o x i c o l o g y Liaison with T e r a t o l o g y Socie ty
* 980-1988P r o f e s s o r , Department of Pharmacology and Director, I n t e r d i s c i p l i n a r y T o x i c o l o g yGraauate Program, Univer s i ty of Arkansas for Medical Sciences.
t S S C - 1 9 8 4N a t i o n a l I n s t i t u t e o f Occupa t i ona l S a f e t y a n d H e a l t h S t u d y Review C o m m i t t e e
1973-PresentEditorial Board, T e r a t o g e n i c i t y , M u t a g e n i c i t y , Carcinogenic i ty
1977-1980Director. T o x i c Subs tance Control Laboratory and Associate P r o f e s s o r . D e p a a r n e r ; ofp h a r m a c o l o g y a n a B i o c h e m i s t r y , School o f M e d i c i n e , V a n d e r b i l t U n i v e r s i t y . N a s n v i i i e .T e n n e s s e e .
1977-1980Pro f e s s i ona l Affairs Commit tee - Amencan Socie ty for Pharmacology and E x p e r i m e n t a lT h e r a p e u t i c s
1977-1980N a t i o n a l I n s t i t u t e on Drug Abus e - Review of DAWN (Drug Abuse W a r n i n g N e t w o r k )
1977-1979Graduat e Education Committee . Vanderb i l t Univers i ty
1977-1976N a t i o n a l Research Council Commit t e e to Review S c i e n t i f i c Program of N a t i o n a l C e n t e rf or Toxi co iog i ca l Research
1976-1980E d i t o r i a l Boa;d, Environmental H e a l t h Science s
1976-1977N a t i o n a l Academy of Science, Advisory Center for T o x i c o l o g y - Revision of T o x i a t yT e s t i n g Procedures for Consumer Protection Agency
1975-1976T e c h n i c a l C o m m i t t e e o f the S o c i e t y o f T o x i c o l o g y , Chairman
1975-1976N a t i o n a l I n s t i t u t e on Drug Abuse Center Review Committee
1974-PresentEditorial Board, Internat i onal Journal of Addic t ive Diseases
1974-1979V a n d e r b i l t Medi ca l Canter, Animal Care Committee
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Consultant. U . S . Congressional Committee on Safety Assessment of ChemicalA d d i t i v e s and Drugs
1974-1975S t a n d i n g Policy Commit t ee on Biomedicai Sciences. Vanderbiit School of M e d i c i n e ;N a t i o n a l I n s t i t u t e on Drug Abuse. Clinical Behavioral Review Commit t e e
^974-1975Co-Chairman. T e c h n i c a l Commi t t e e o f the Soc i e ty o f T o x i c o l o g y
A s s i s t a n t P r o f e s s o r o f Pharmaco logy ano Biochemistry, Vanderb i i t U n i v e r s i t y S c n c o ; o fMecicine
1971-1975N a t i o n a l I n s t i t u t e s o f Menta l H e a l t h - N a r c o t i c A d d i c t i o n and Drug Abuse ReviewC o m m i t t e e , Biomed i ca l -Pharmaco i ogy-Tox i c o l ogy
1971-1972A s s i s t a n t P r o f e s s o r . Depar tment o f Pharmaco logy, T u l a n e Medical Schoo l
1971-1972Director o f T e r a t o l o g y S e c t i o n , Laboratory o f Environmental H e a l t h , D e p a r t m e n t o fMedic ine , School o f Medic ine , T u l a n e Universi ty
1969-1970Instructor of Pharmacology, T u l a n e Medical School
1965-1939USPHS Trainee . Univer s i ty o f Iowa, Department o f Pharmacology, C o l l e g e o fM e d i c i n e . Iowa C i t y , Iowa
P R O F E S S I O N A L S O C I E T I E S
Rho Chi Honorary Pharmacy S o c i e t yS i g m a Xi (Promot i on of Research in Science)American Assoc iat ion for the Advancement of ScienceT e r a t o l o g y S o c i e t yS o c i e t y o f T o x i c o l o g yAmerican Soc i e ty for Pharmacology and Experimental T h e r a p e u t i c sNew Y o r k Academy o f ScienceSoc i e ty for Risk Analy s i s
A W A R D S
1978S o c i e t y of T o x i c o l o g y Achievement Award
C E R T I F I C A T I O N
1982C e r t i f i e d in General T o x i c o l o g y
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' I N D U S T R I A L . E X P E R I E N C E
Occidental Oil - W o i k e r s a f e t y in oil shale produc t ion
Shell D e v e l o p m e n t Corpora t i on - Pes t i c id e use and s a f e t y
P e t r o l i t e C o r p o r a t i o n - H e a r t h assessment of waste inc inerat ion me thod s

the workpiace.
Amencan A c a d e m y of I n d u s t n a l M e d i c i n e - W o m e n in the workpiace

I n d u s t n a l rox.cology
S o c i e t y Organic Chem.ca, M a n u f a c t u n n g Asso c ia t i on - Ch em,ca, caranogenes i s
San. tary C o r p o r a t i o n of Ameri ca - Worker s a f e t y at i n d u s t r i a l res idue l a n d . i l , s i t e s

Chemica1-^ ^agenesis and t e r a t o g e n e s i s in the
course for

E c o l o g y and Environment , Inc. - Health and s a f e t y program advisor
T e x a c o - T o x i c o l o g y c on su l tan t
H o o k e r Chemical C o m p a n y - E v a l u a t i o n of hearth e f f e c t s at Love Canal
Chemica, M a n u f a c t u r e r s A s s o c i a t i o n - Technical review of hearth e f f e c t s o f PCBs

EPA «"-"* ^source
IBM C o r p o r a t i o n - Reproduc t iv e hazard assessment

A 9 6 n C y * Rebut tab l e P r e s u m p t i o n review of
U n i t e d S t a t e s Depar tmen t of A g r i c u l t u r e - Review of aeria! pes,^ a p p ( i c a t j o n s
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Exxon - Review of taratogenic hazard of benzene exposure
U . S . Department of J u s t i c e - Evaluation of environmental and pub l i c healthproblems associated with Price Landfill , Atlantic City, New Jersey
U.S. Department of J u s t i c e - Evaluation of environmental and pub l i c heal thproblems associated with Bridgeport Oil and Rental contamination of theDelaware River, B r i d g e p o r t , New J e r s e y
U . S . Environmental Protection Agency - Evaluation of the environmental impact ofd r e d g i n g o f th e H u d s o n River f or P C S s , New York
U . S . Environmental Protection Agency - Evaluation of environmental and p u b l i ch e a l t h p rob l ems associated with LiPari L a n d f i l l i n N e w J e r s e y
Vel s i c o l Chemical Corporat ion - Evaluation of h ea l th problems associated withHardeman County L a n d f i l l
U.S. Environmental Pro t e c t i on Agency • Review of environmental and p u b l i ch e a l t h i n f o r m a t i o n associated with Denny Farm S i t e , Verona. Missouri
U . S . Environmental Protection Agency - Review of environmental and pub l i cheal th in format ion associated with Rose Park Lanofill, Salt Lake City. Utah
U . S . E n v i r o n m e n t a l Pro t e c t i on A g e n c y • Evaluat ion of environmental and p u b l i chealth prob l ems associated wi th Taylor Road Land f i l l , T a m p a . Flor ida
Dow Chemical Company • Evaluation of heal th problems associated with adegraas ing operat ion in T y l e r . Texas
U n i t e d S t a t e s Environmenta l P r o t e c t i o n Agency - T r a i n i n g course director f orT o x i c o l o g y and Risk Assessment for eiqhf southeastern states. (Alabama. F l o r i d a ,Georgia, Kentucky, M i s s i s s i p p i , N o r t h Carolina, S o u t h Carolina, Tennes see
M o n s a n t o Chemical C o m p a n y - Evaluat ion of adverse heal th e j e c t s associatedwith PCS con tamina t i on of f e e d grain in M i c h i g a n
American Bar Associat ion - Short course concerning the rote of expert t e s t imonyin environmental l i t igat ions.
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G R A N T S U P P O R T
E f f e c t c f Environmental T o x i c a n t son Per ina ta l Deve l opmen t
E f f e c t o f M a r i j u a n a o n Per ina ta lD e v e l o p m e n t
S c b l e i d e r F o u n d a t i o nD e v e l o p m e n t a l T o x i c o l o g y
C o n i c a l P h a r m a c o l o g y -T o x i c o l o g y C e n t e r
E n v i r o n m e n t a l T o x i c o l o g y C e n t e r
S y n t h e s i s a n d S t u d y o f N e wC h e a t i n g A g e n t s
L i f e I n s u r a n c e Research F u n d
N a t i o n a l C o n f e r e n c e on Contro l o fH a z a r d o u s M a t e r i a l s S p i l l s
W a m p o l e Labora tor i e s • D e v e l o p m e n to f a P r e n a t a l Diagno s t i c Aid forN e u r o t u b e D e f e c t s
I n t r o d u c t i o n t o H a z a r d o u s M a t e r i a l sI n c i d e n c e Respon s e s andEnvironmenta l H a z a r d sE v a l u a t i o n
E n v i r o n m e n t a l T o x i c a n t E f f e c t s onP e r i n a t a l D e v e l o p m e n t
S t u d y o f t h e Reproduc t iv e T o x i c i t yo f S e l e c t e d C h e m i c a l s
S t u d i e s o f C h e m i c a l - I n d u c e d T o x i c i t yand S t r e s s
S t u d i e s o f I s o m e r S p e c i f i c PC8-I n d u c e d T o x i c i t y

ESOC782
DA00141

G M 1 5 4 3 1
ES00267
E S 0 1 0 1 8

EPA

EPA

ES02824
N F

E S 0 5 2 1 6

' C o o p e r a t i v eAgreement

1970-1982
1971-1974

1970-1972

1975-1981

1972-1981
1975-1981

1970-1981
1977-1978

1979-1981

1980-1981

1981 1986
1985-1987

1988-1993

1 S C S - 1 9 9 1

* Department o* Environmental and Com rarity Medicine UMDNJ - Robert Wood JohnsonSchool Piscataway, New J e r s e y M e d i c a l
H S - Nat i ona l I n s t a t e o f Environmental H e a H h SciencesOA - N «jonal Institute on Drug AbuseGM . Na,jonal Institute of General Medical SciencesEPA • United S t a t e s Environmental Protection AgencyNF - Nat i ona l Founda t i on Marcf t o f Dimes
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T E A C H I N G E X P E R I E N C E

Medical T o x i c o l o g y
D e v e l o p m e n t a l Pharmacology
Drug M e t a b o l i s m

T o x i c o l o g y
Medical T o x i c o l o g y
Advanced T o x i c o l o g y
Oncology
M e d i c a l T o x i c o l o g y
Mechanism of C h e m i c a l - I n d u c e dT o x i c i t y

V a n d e r t i f t Medical CenterSecond Year Medical Pharmacology
V a n d e r b i f t Medical CenterSecond Year Medical Pharmacology
Two Hoi r Graduate Level CourseVandert ' t Medical Center
Two H o u r Graduate Level CourseV a n d e r b i l t Medical C e n t e r
Second Year Medical PharmacologyUniversity ef Arkansas for Medical Sciences
Two H o u r Graduate Level CourseUniver s i ty o f Arkansas for Medical Sciences
Two H o u r Graduate Level CourseUniversity of Arkansas for Medical Sciences
Second Year Medical PharmacologyUniversity of F l o r i d a . School of Medicine
Two H o u r Graduate Level CourseUniver s i ty o f Florida, Schoo l o f M e d i c i n e

C o n t i n u i n g Educat ion:
N a t i o n a l H a z a r d o u s M a t e r i a l sT r a i n i n g Course
Hazardous Waste Management
T o x i c S u b s t a n c e Control
Environmental Protection Agency,Region I V , H e a l t h a n d S a f e t yT r a i n i n g School
I n d u s t r i a l T o x i c o l o g y
F o r e n s i c Medic ine

Eight Hours ( T o x i c o l o g y )
Four Hours ( T o x i c o l o g y )
Eight H o u r s ( T o x i c o l o g y )

S i x Hours ( T o x i c o l o g y )
Five Hours (Carcinogenes i s , Mutagene s i s ,T e r a t o g e n e s i s )
Three H o u r ( T o x i c o l o g y )
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G R A D U A T E T R A I N I N G - P R E D Q C T O R A L
Year DegreeConferred

Bemardc M a n t i l l a - P l a t a , Ph.D. 1972

Stevens . Ph.D.

Richard W. Freeman. Ph.D.
Michael E. F a n t , M.D., Ph.D

A d e l i n e S m i t h , Ph.D.

J a m e s J e m i g a n , Ph.D.

C h r i s t o p h e r l e a f , Ph.D.

F e l i x A d a t s i , Ph.D.

M. Ann Clevenger , Ph.D.
G l e n n C. Mil iner , Ph.D.

Mary A l i c e S m i t h

H u d s o n K. Bates

1973

1980

1982

1983

1985

1986

1987
1987

H e n r y F. Sirnmons, M.D.. Ph.D. 1988

1989

1989

Present Addres s
Univer s i ty o f A n t i o q u aDepartment of T o x i c o l o g yM e d e l l t n , Columbia
Monsanto Chemical CompanyT o x i c o l o g y Depar tmentSt. Louis, Missouri
T E R R A , Inc.T a l l a h a s s e e , F l o r i d a
Department of Pediatr ic sSouthwest Medical SchoolDallas , T e x a s
National I n s t i t u t e o f H e a l t hDiv. of Mole cu lar T o x i c o l o g yBethesda, Maryland
U.S. Army Biomedical ResearchCommandDugway, Utah
F l o r i d a S t a t e Univer s i tyI n s t i t u t e o f Science and Publ i c AffairsT a l l a h a s s e e , F l o r i d a
Department of Natura l ResourcesS u r f a c e Water Qual i ty Div,S t a t e of MichiganLansing, Michigan
E F AWashington , D.C.
Terra, Inc.Little Rock, Arkansas
Division of Cl ini ca l T o x i c o l o g yUniversity of Arkansas for Medical Sci.Little Rock. Arkansas
School of MedicineEmory UniversityAtlanta , Georgia
Research Triangle I n s t i t u t eResearch Triangi© Park, NC
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G R A D U A T E T R A I N I N G - P O S T D O C T O R A L

M i c h a e l Evans. Ph.D.

C h a n o r a h a r Dwivedi . Ph.D.

Ricnard P. K o s h a k j i . Ph.D.

J a m e s S . M a c D o n a l d

Danie l Goodman, Ph.D.

Robert C. J a m e s , Ph.D.

P e t e r W e l l s , Pharm.D.

S h a h a t a E l - S e w e d y . Ph.D

S y e d F . A J i , Ph.D.

Years ofS t u d y
1973-1976

1973-1976

1973-1976

1975-1977

1978-1980

1979-1981

1979-1981

1982-1983

1982-1983

Present A d d r e s s
U n i v e r s i t y o f I l l i n o i sDept. o f Pharmaco l ogyC h i c a g o , I l l i n o i s
Meharry Medical C o l l e g eDept . o f P e d i a t n c sN a s h v i l l e . T e n n e s s e e
T e n n e s s e e N e u r o p h y s i c i a t n cI n s t i t u t eN a s h v i l l e . T e n n e s s e e
Merck I n s t i t u t e f o rT h e r a p e u t i c ResearchWest P o i n t , P e n n s y l v a n i a
Univ. of Arkansa s Med Sci .Div. o? I n t e r d i s . T o x i c o l o g yLitt l e Rock, Arkansas
Univ. o f F i r - J

Ctr. f o r Environ. T o x i c o l o g yG a i n e s v i l l e . F l o r i d a
U n i v e r s i t y o f T o r o n t oC o l l e g e o f PharmacyT o r o n t o , Ontario, Canada
U n i v e r s i t y o f A l e x a n d r i aMedi ca l Research I n s t i t u t eA l e x a n d r i a . E g y p t
Univ. of Arkansas Med. Sci.Dept , ot Biochemis tryLitt le Rock, Arkansas
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Litt t e Bock, Arka&§af i 72212(501)221-0465

J u l y 34,1990

Mr. Frank ConnerPresident and Chief Operating O f f i c e rMass Merchandisers, Inc.Post O f f i c e Box 790Harrison, Arkansas 72601
Dear Mr. Conner;

As you requested, I have begun an analysis of EPA's assessment of p u b l i chealth risks associated with the Arkwood site. I have also reviewed the dioxins a m p l e result s relied upon by EPA in suppor t of its recent announcement that itpropo s e s on-site incineration as a part of the remedial action for the site. It is myopinion that there is no significant risk to human health from the levels of dioxinreported in the sample results that I have reviewed. T h i s is true for severalreasons.
F i r s t , the most toxic f orm of dioxin - the 2,3,7,8 isomer of tetrachlorodibenzo-para-dioxin or TCDD-waa not detected in any of the sample results that I haveseen. This is not particularly surprising since T C D D is rarely found in wood-treating chemicals.
Second, the type of dioxin detected in the samples relied upon by EPA —part icularly the hepta*. hexa-, and octa- dioxins — are hundreds to thousands oftimes less toxic than the tetrachloro dioxin or TCDD. We are now f i n d i n g thatthese less toxic forms of dioxin are widely distributed throughout our everydayenvironment, with no observed ill e f f e c t s on humana.
T h i r d , despite the enormous public attention that has been focused on dioxinin the past decade, there is a clear trend of scholarly opinion in the s c i en t i f i ccommunity to the e f f e c t that the human health risks from exposure to dioxin navebeen greatly exaggerated in the past.
As you requested, I have begun a de ta i l ed examination of EPA'sendangerment assessment calculations. I will submit a written analysis to youas soon as possible. Baaed on my initial review, I believe that EPA's Reportoverstates the risks to human health and that the current state of s c i ent i f i cknowledge does not support EPA's decision to propose on-site incineration at theArkwood site.
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T E C H N I C A L S U P P O R T F O R P U B L I C C O M M E N T SO F M A S S M E R C H A N D I S E R S , I N C .
A r k w o o d , I n c . siteOmaha, Arkansas

I . I N T R O D U C T I O N
The f o l l o w i n g comments and discussions are presented in responset o t h e E P A ' s J u l y 1990 Proposed P l a n o f A c t i o n f o r t h e A r k w o o d ,I n c . S u p e r f u n d S i t e . T h i s proposed p l a n i d e n t i f i e d t h e E P A ' sp r e f e r r e d o p t i o n f o r a d d r e s s i n g a f f e c t e d s o i l s a t t h e A r k w o o d , I n c .s i te in Omaha, Arkansa s as on-site incinerat ion of all s l u d g e s anda f f e c t e d so i l s above the action level s ( a p p r o x i m a t e l y 20,960 cubicy a r d s ) . I n a d d i t i o n , t h e p r o p o s e d p l a n inc luded summaries o f otheral ternatives for the site which were discussed in the F e a s i b i l i t yS t u d y ( F 3 ) Repor t .
Three s i g n i f i c a n t changes have occurred since the development ofthe FS Repor t . T h e s e are 1) the re-evaluation of d i o x i nconcentration at the site using the most recent t o x i c i tyequivalency f a c t o r s ( T E F s ) ; 2 ) concerns r e g a r d i n g c a t a s t r o p h i cs i n k h o l e d e v e l o p m e n t at the s i t e ; and 3) recent improvement s to insitu v i t r i f i c a t i o n ( I S i / ) technology. Thes e changes a r e addressedin the f o l l o w i n g comments as we l l as a re-evaluat ion of remediala l t e rna t iv e s f or the site. ERM-Southwe s t a p p r e c i a t e s thiso p p o r t u n i t y t o submit n e w i n f o r m a t i o n f o r E P A ' s c o n s i d e r a t i o nb e f o r e s e l e c t i n g t h e f i n a l s o i l s remedy.
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I I . A L T E R N A T I V E D * I N C I N E R A T E S L U D G E C O N S O L I D A T E A N D C A P ~ _ I H ~ P L A C EA F F E C T E D . . S O I L S
As presented in the FS Report, Alt erna t iv e D cal led for f enc ing ofthe s i t e , exi s t ing structures to be removed, and railroad d i t ch ands inkhole s l u d g e s t o b e incinerated o f f site. The a f f e c t e d s o i l swould then be excavated, c o n s o l i d a t e d and covered with a compos i t ecap. T h i s cap , as i l l u s t r a t e d in F i g u r e 1, is an engineered cap,at least f i v e f e e t thick and con ta in ing a 30-mil h i g h - d e n s i t yp o l y e t h y l e n e liner and g e o f a b r i c . The remainder of the site wouldbe covered with a t op so i l cap.
In the proces s o f s e l e c t i n g i t s p r e f e r r e d remedial o p t i o n , the EPAsummari ly d i smi s s ed A l t e r n a t i v e D a s unacc ep tab l e . T h e A g e n c y ' sstated reason for r e j e c t i n g this and any remedy involving on-siteencapsu la t ion ( c a p p i n g ) o f a f f e c t e d soils was the p o s s i b i l i t y ofa ca ta s t roph i c s inkhole c o l l a p s e which would a l l o w c a p p e d , a f f e c t e ds o i l s to be f l u s h e d d i r e c t l y into the ground water system. Asecondary reason a p p e a r s *:o be based on the presence of certainisoaers of d i o x i n . Dioxin issues are addres s ed in the A p p e n d i c e s .
The concern over the p o s s i b i l i t y o f c a t a s t r o p h i c s ir .khole c o l l a p s eseems to have been a conseguence of a conversation between Mr.Brent Truskowski a n d M r . M a l c o l m F i e l d o f E P A ' s Exposure Asse s smentA p p l i c a t i o n s Branch in W a s h i n g t o n , D . C . Documentation of thisconcern f i r s t appears in the A d m i n i s t r a t i v e Record as an internalmemorandum by Mr. F i e l d dated J u l y 3, 1990. T h i s concern wasr e i t e ra t ed in the J u n e 27, 1990 EPA memorandum f r o m Mr. A l l y n Davisto the Directoi-s o f the O f f i c e o f Emergency and Remedial Responsea n d O f f i c e o f W a s t e Programs E n f o r c e m e n t s t a t i n g that "the p r o p o s e dinc inera t i on a p p r o a c h was considered a p p r o p r i a t e because of thekarst g e o l o g y u n d e r l y i n g the site". In the J u l y 3 , 1990memorandum, Mr. F i e l d s tated that the p o s s i b i l i t y does exist thats inkhole deve lopment could cause contaminated site so i l s to bef l u s h e d d i r e c t l y into the aqu i f e r system and that this p o s s i b i l i t yc o m p l e t e l y inva l ida t e s any remedial a l t ernat ive which includeswaste be ing retained in capped s o i l s as a permanent so lu t ion. Hea d d s that should a s inkho l e f o r m under the c a p p e d s o i l s , the s o i l scould be f l u s h e d into the uppermos t a q u i f e r at a rate of severalf e e t per hour.
It should be noted that Mr. F i e l d had never vis i ted the site at thetime he wrote the l e t t e r and was merely describing what he ca l l edprobabl e e f f e c t s based on his general knowledge of karst terrains.W i t h o u t ob taining s i t e - s p e c i f i c i n f o r m a t i o n , EPA concluded that al lremedies invo lv ing on-site c a p p i n g o f a f f e c t e d so i l s wereu n a c c e p t a b l e . F u r t h e r m o r e , the Agency did so a f t e r the RemedialI n v e s t i g a t i o n ( R I ) w a s c o n c l u d e d , thus f o r e c l o s i n g t h e c o l l e c t i o nof d a t a to more p r e c i s e l y q u a n t i f y the s i t e - s p e c i f i c risk. H o w e v e r ,
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more than enough is known for ERM-Southwest to render the opinionthat remedial op t i on s involving c a p p i n g of a f f e c t e d s o i l s shouldnot be arb i trar i ly dismissed because of concern over a hypo the t i ca ls inkhole c o l l a p s e beneath the cap. Mr. Field ' s u s e o f cheterminology "probable e f f e c t s " is un for tunat e since it denotes ane f f e c t that is l i k e l y to happen. In real i ty, Mr. F i e l d haa nobasis for conc luding that a s inkhole would "probably 1 1 d e v e l o pbeneath capped soils. W e believe that t h e E P A ' s dec i s ion t odi smi s s al l c a p p i n g op t ions because of the "probab i l i ty" ofc a t a s t r o p h i c s inkho l e c o l l a p s e was based on an inadequateu n d e r s t a n d i n g o f the s i t e - s p e c i f i c g e o l o g y and h y d r o g e o l o g y .
The lack o f e a s j ? .y r t c o g n i z a b l e s inkho l e f e a t u r e s w i t h i n theA r k w o o d , I n c . s i t e s tudy area was d i s cu s s ed in the RI R e p o r t . Thescarcity of recognizai le s i n k h o l e s is a r e s u l t , in p a r t , of thesmal l s ize and s u b t l e t o p o g r a p h i c expre s s ion that these f e a t u r e sc h a r a c t e r i s t i c a l l y d i s p l a y in thi s p a r t i c u l a r karst terrain.S i n k h o l e is a general tarm that can a p p l y to any l o ca t i on wherewater d i s a p p e a r s or sinks below the ground s u r f a c e . The terra doesnot denote m a g n i t u d e . The "sinkhole" r e f er enced In the RI ase x i s t i n g near the wood treatment b u i l d i n g has only a very smal ld e p r e s s i o n surrounding it and would more a p p r o p r i a t e l y be de scr ibedas an open, s o l u t i o n a l l y e n l a r g e d j o i n t . T h i s e n l a r g e d j o i n t wassmal l and s t a b l e enough that it was c o m p l e t e l y covered by a 10 x10 f o o t concrete s lab in 1982. To d a t e / thi s s lab is s t i l l prov id-ing an unbroken p r o t e c t i v e seal over the s inkho l e , thus c o n f i r m i n gthat f u r t h e r deve lopment and subsidence of the opening has notoccurred.
The intermittent l o s i n g stream segment being proposed as ap o t e n t i a l input point foi . *e f i r s t dye tracing s tudy may beconsidered another "sinkhol*. ' f ea tur e s imi lar to the one describedabove. It seems to have a very small areal extent with l i t t l e orno t o p o g r a p h i c expres s ion. In the karst terrain surrounding theArkwood , I n c . s i t e , this type of s inkhole appear s to be normal andis not indicative of a p o t e n t i a l for a ca ta s trophi c s inkholec o l l a p s e . In f a c t , no example of a l a rg e , catas trophic s inkholec o l l a p s e is documented within this part of Arkansas i n c l u d i n g theArkwood, Inc . site s tudy area. T h i s is f u r t h e r suppor t ed by recentinterviews with a local bridge and highway engineer, local pavingcontractors, and with tha l ine superintendent for the Union P a c i f i cRailroad r e spons ib l e for in spec t ion and maintenance of the trackpa s s ing the aita. N o n e of these i n d i v i d u a l s could recall anycons truc t ion or maintenance prob l ems created by s inkho l e c o l l a p s e * .Based on obsarvat ions made dur ing the RI f i e l d worx, thacharac t e r i s t i c s inkho l e in the s t u d y area would have a w i d t h of nomore than a few f e e t and a s h a l l o w d e p t h r e la t iv e to the w i d t h .U n l e s s induced by man-made f e a t u r e s , not present at the A r k w o o d ,I n c . s i ta , d e v e l o p m e n t o f these charac t er i s t i c s inkho l e s w o u l d
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proceed s i g n i f i c a n t l y slower than the rapid c a t a s t r o p h i c c o l l a p s e swhich o c c a s i o n a l l y occur in m e t r o p o l i t a n areas over karst regionsin other part s of the Uni t ed S t a t e s . In terms of the scale anddes truct ive p o t e n t i a l , ca ta s t roph i c s inkhole c o l l a p s e s in otherkarst terrains are not relevant to s inkho l e d e v e l o p m e n t at theA r k w o o d , Inc . site.
As opposed to the geo logy of some karst terrains in other areas ofthe U n i t e d S t a t e s which are noted for c a t a s t r o p h i c s inkholed e v e l o p m e n t , with which Mr. F i e l d may be f a m i l i a r , there are cer-tain characterist ics of the Arkwood, Inc . s i t e , s i t e - s p e c i f i cg e o l o g y which would present obstacles to ca ta s trophi c s inkholec o l l a p s e , -the a p p a r e n t la ck o f l a rg e s o l u t i o n cavi t ie s w i t h i n theSt. Joe Limes tone and lack o f large cavi t ie s wi th in the over lyingresiduum v i r t u a l l y e l iminate s the p o s s i b i l i t y of ca ta s trophicc o l l a p s e occurrences. The f a c t that the limestone bedrock is closeto the s u r f a c e , covered by a r e l a t i v e l y th in residuum l a y e r , woulda l s o tend to l i m i t the degree of s l o p e retreat and d e c l i n e shoulda small c o l l a p s e f e a t u r e deve lop . The primary mechanisms for sink-hole deve lopment at the Arkwood, Inc . s i te would seem to be ther e l a t i v e l y s low p i p i n g o f re s iduum s e d i m e n t s into th e conduitsys t em. W i t h o u t a m a j o r conduit sy s t em, wi thout a w e l l - d e f i n e d andintegrated water tab l e wi th in the residuum and with the naturalground s l o p e p r o v i d i n g good r u n o f f dra inage , there is no mechanismto promote r a p i d movement o f l a r g e volumes o f s o i l . T h i s accountsfor the smal l s ize and s ub t l e nature of the two known s i n k h o l e s onthe site.
One of the p r i m a r y pr er equ i s i t e s for s inkhol e d e v e l o p m e n t is anadequate water s u p p l y . T y p i c a l causes of ca ta s trophi c s inkholec o l l a p s e s are man-made; i.e., f l u c t u a t i o n s of the water t ab l e dueto p u m p i n g , broken water or sewer l ine s and concentra t ion of r u n o f fdue to urbaniza t ion. T h i s p r er equ i s i t e is not pre s ent at theArkwood , I n c . site. In a d d i t i o n , drainage controls would bein s t i t u t ed as part of any remedy that requires c a p p i n g and long-term maintenance. Excessive s u r f a c e r u n o f f would be c o n t r o l l e d soas to remove the pr er equ i s i t e of an adequate water s u p p l y .R a i n f l o w r u n o f f would be routed around and not over the s i te , inthe h i g h l y u n l i k e l y event that a s inkhole began d e v e l o p i n g underor c lo s e to c a p p e d s o i l , there would be no mechanism to promoter a p i d en largement or to f l u s h l a rg e quant i t i e s of soil into theground water system. The small size of such a f e a t u r e and the lackof a f l u s h i n g mechanism would result in l i t t l e , if any, release tothe ground water system. It would d e f i n i t e l y not represent arandom, c a t a s t r o p h i c event that would threaten p u b l i c h e a l t h or theenvironment and for which no so lut ion ex i s t ed. in the u n l i k e l yevent that soil was released from beneath the capped area, therelease would be very gradual and thus , it would represent ac o n t r o l l a b l e event that can be p l a n n e d and d e s i g n e d f o r , and for
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which corrective measures could be taken b e f o r e p u b l i c hea l th orthe environment were threatened.
R e j e c t i o n of on-site c a p p i n g of a f f e c t e d soils s o l e l y because ofa concern over catastrophic sinkhole c o l l ap s e presumes that noother opt ions for control of sinkhole f ormat i on and co l lap s e exist.However, a considerable amount of literature is available con-cerning the recognition, evaluation and subsequent reduction ofrisk due to sinkhole c o l l a p s e and concerning the remediation ofsinkholes should they occur. There is nothing in the Admini s tra-tive Kecord for the Arkwood, Inc. site to indicate that the EPAconsulted any of this l i t erature b e f o r e concluding that thep o s s i b i l i t y of ca ta s trophi c f a i l u r e made A l t e r n a t i v e D unaccept-able. Our review of this l i t erature assures us that u t i l i z a t i o nof a p p i i c a b l e and a p p r o p r i a t e geo logica l and engineering controlscan e s s e n t i a l l y negate any risk presented by s inkhole c o l l ap s e .
W i t h the RI c l o s e d , i n s u f f i c i e n t data are a v a i l a b l e with which togenerat e a preci se q u a n t i f i c a t i o n of the risks pre s ented bys i n k h o l e s , but a sense for their small magni tude can be extra-p o l a t e d by e v a l u a t i n g what is known about the s i te and thev i c i n i t y . The f o l l o w i n g f a c t s and observations should bec on s id er ed:

1. No c a t a s t r o p h i c s inkho l e c o l l a p s e s wi th in thi s part o fA r k a n s a s , i n c l u d i n g the s i te s t u d y area, are document ed .
2. Local h i g h w a y , contrac tor and railroad r epr e s en ta t iv e scontacted have no record of adverse c ond i t i on s r e s u l t i n g f r o ms inkho l e s .
3. The immedia t e s t u d y area contains o n l y two known " s inkho l e s " ,both of which are s m a l l , unobtrusive f e a t u r e s and o n l y one( t h e in t e rmi t t en t l o s i n g stream segment p r o p o s e d as ap o t e n t i a l dys input p o i n t ) o f which i s a c t i v e l y connected withthe ground water sys tem.
A. A l t h o u g h al l s i n k h o l e s have common e l e m e n t s , the d e t a i l s o fth e i r d e v e l o p m e n t can vary c o n s i d e r a b l y between d i f f e r e n tkarst t e r r a i n s ; i.e., the f a c t that l a r g e , c a t a s t r o p h i cs inkho l e c o l l a p s e s can r a p i d l y d e v e l o p in F l o r i d a does notmean that s i m i l a r s inkho l e s w i l l d e v e l o p in north centralA r k a n s a s , in f a c t , s i t e - s p e c i f i c data s u p p o r t the lack o fp o t e n t i a l f o r a n y c a t a s t r o p h i c s inkhole c o l l a p s e .
5. As part of any remedy invo lv ing c a p p i n g , drainage c o n t r o l s canbe i n s t i t u t e d to remove the pr er equ i s i t e for s inkho l e d e v e l o p -ment, namaly , an adequate s u p p l y of water.
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6. All a p p r o p r i a t e preconstruction and engineering controls wouldbe u t i l i z ed during any capp ing remedy to recognize, evaluateand reduce any risk of s inkhole c o l l a p s e . S p e c i a l engineeringconsiderations can be i n s t i t u t e d so that a cap would not f a i lif a s inkhole were to d e v e l o p beneath it,
7. Assuming a s inkho l e c o l l a p s e did occur under capped s o i l ,there would be no f l u s h i n g mechanism by which large quant i t i e sof a f f e c t e d soil could be introduced into the ground watersys tern.
8. In most c a t a s t r o p h i c s i n k h o l e c o l l a p s e s , d e eper s o i l s aref i r s t in troduced into th e ground water system. S u r f i c i a ls o i l s ( i n this case, c a p p e d s o i l s ) w o u l d , i n a l l p r o b a b i l i t y ,be su spended above the ground water f l o w regime for as u f f i c i e n t period to a l l o w their removal and r emedia t i on ofthe c o l l a p s e area.

The EPA had numerous o p p o r t u n i t i e s to e xpre s s concerns abouts inkhol e d ev e l opment in the area d a t i n g back to 1986 when the RI/FSWork P l a n was f i r s t d e v e l o p e d . In a d d i t i o n , during the RI/FS inwhich f i e l d a c t iv i t i e s and numerous d r a f t s were reviewed by EPA andtheir consu l tant s , no concern was evar expressed about s inkholedeve l opmen t as a prob l em re la t ive to site remediat ion. T h e r e f o r e ,no s i t e - s p e c i f i c i n f o r m a t i o n was provided to the Agency fordeci s ion-making purpo s e s , other than the cursory discuss ion in theRI Report concerning the on-site s inkhole and the lack of othere a s i l y recognizable s inkhole s in the area. T h i s i n f o r m a t i o n wasa p p a r e n t l y not considered and no add i t i ona l data sought as theAgency appeared t o rely entire ly upon Mr. Fie ld ' s remarks t oi n v a l i d a t e remedial a l t e rnat ive s deemed by ERM-Southwe s t to beadequa t e ly protect ive of human heal th and the environment. In ourview, it would be arbitrary to select a so i l s remedy withoutc a r e f u l cons iderat ion o f t h e s i t e - s p e c i f i c data r e f u t i n g E P A ' sconcerns, contained here. Obviously, this data would have beenp r o v i d e d during t h e H I i f E P A ' s concern h a d been expressed.
It i s believed that s u f f i c i e n t in f o rmat i on exists to e s t ab l i sh thatthe p o t e n t i a l for c a t a s t r o p h i c s inkhole development at the Arkwood,Inc. s i t e i s e x t r e m e l y low. If a s inkho l e o f the type and sizepresent in th« area were to d e v e l o p under c a p p e d s o i l s , the smalls ize of the f e a t u r e and the lack of a f l u s h i n g mechanism would makeit easy to remediate the p r o b l e m , thus pr ev sn t ing any u n a c c e p t a b l ethreat to human h e a l t h and the environment.
I f t h e E P A ' s r e c en t ly s tated o b j e c t i o n t o on-site c o n s o l i d a t i o n a n dc a p p i n g i s d i s r e g a r d e d due to lack of s i t e - s p e c i f i c relevance.A l t e r n a t i v e D repre s en t s the best o p t i o n for p r o t e c t i n g humanh e a l t h and the environment, both in terms of short- and long-term
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e f f e c t i v e n e s s . It continues t o b e E R M - S o u t h w e s t ' s op inion (seeearlier d r a f t of the FS Repor t) that Alternat ive p is the bests o i l s remedy for the Arkwood, Inc . site. It is eas i ly implement-ab l e and is much more c o s t - e f f e c t i v e than t o ta l incineration. Insuppor t of A l t e r n a t i v e D, the f o l l o w i n g a d d i t i o n a l items should beconsidered:
X. A p r o p e r l y engineered and maintained cap would v i r t u a l l ye l iminate the i n f i l t r a t i o n of p r e c ip i t a t i on , thus preventingthe transport of constituents to the ground water. Thep o t e n t i a l f or cons t i tuent migrat ion would b e f u r t h e r m i t i g a t e dby the s trong adherence of wood treatment compounds to soilp a r t i c l e s . T h i s relative immobi l i ty of constituents wasdemons trated dur ing t h e T r e a t a b i l i t y S t u d y .
2. The greatest risk (see Endangeoient A s s e s s m e n t ) at theArkwood, I n c . site is associated with direct soil contact.Direct contact would be e l imina t ed by c o n s o l i d a t i o n andc a p p i n g , thus e f f e c t i v e l y e l i m i n a t i n g risk a t the site. T h i sis an accepted and proven technology, the e f f e c t i v e n e s s ofwhich would not be altered by s inkhole d eve l opment .
3 . To f u r t h e r a l l e v i a t e f u t u r e concerns r egard ing o f f - s i t emigrat i on o f a f f e c t e d ground water/ M M I v o l u n t a r i l y o f f e r e dto pay for i n s t a l l a t i o n of a c i ty water l in e running a m i l eand a h a l f down the v a l l e y f r o r a the A r k w o o d , I n c . s i t e . MMIw i l l al so conduct long-term monitoring of selected we l l s andsprings . T h e r e f o r e , the heal th of i n d i v i d u a l s l i v ing down thev a l l e y f r o m th e s i te w i l l b e p ro t e c t ed w h i l e moni t or ing f orthe h i g h l y u n l i k e l y event of a re lease to the ground water ofmaterial stored beneath the cap. The extension of the Omahac i ty water l in e to r e s id en t s i m m e d i a t e l y downgradient f r o m theA r k w o o d , I n c . site is underway. The work w i l l be f u n d e d byMass M e r c h a n d i s e r s , I n c . , and the contrac t ing wi l l beundertaken by the C i t y of Omaha. Formal approval for theex t ens ion was granted by a r e s o lu t i on a d o p t e d by the OmahaC i t y Counci l on A u g u s t 29, 1990. The r e s o lu t i on c a l l s for a4~inch water l ine along Cricket Road to end at the M i l l i e T a t eresidence and a 1-inch l i n e f r o m the Omaha S c h o o l to theR a y f o r d Duggen residence. The ex t ens ion of the Omaha c i tywater l i n e w i l l provide c i ty water to all those r e s id en t s whohave w a l l s included on the t e s t ing schedule . Phase I of theCity's contract w i l l be an on-site review and p r e l i m i n a r y costestimat* b y t h e C i t y o f O m a h a ' s c o n s u l t i n g engineers. T h i sphase ia expected to be comple t ed by Sept ember 27, 1990. Assoon as cost estimates are c o m p l e t e d , engineering drawingsw i l l be eubmi t t ed to **he S t a t e H e a l t h Depar tment for a p p r o v a land cons truct ion can begin.
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4. AS part of A l t e r n a t i v e D, h i g h l y a f f e c t e d s o i l s and s l udge swould be incinerated o f f - s i t e , thus d e s t r o y i n g a p p r o x i m a t e l y40% of the known wood treatment compounds at the site. Thevolume of material to be c a p p e d on-site would be reduced ant*the most h igh ly a f f e c t e d and toxic materials would be com-p l e t e l y removed. T h e r e f o r e , SARA requirements are met in allmaterial respect s by de s truct ion of 40% of the mass of con-taminants and the decrease in mobi l i ty by capp ing .
When A l t e r n a t i v e D was o r i g i n a l l y evaluated in the FS, i t emergedas a workable and c o s t - e f f e c t i v e opt ion for r emedia t ing theA r k w o o d , I n c . site. it met or exceeded all of the evaluat ioncr i t er ia i n c l u d i n g p r o t e c t i o n of human h ea l t h and the environment.The EPA, in i t s d i s cu s s i on of the a l t e r n a t i v e s reached the samebasic c onc lu s i on wi th the excep t ion that it considered l ong- t e rme f f e c t i v e n e s s and permanence to be poor because of the s inkholeissue. However , as di scus sed above, the s ta ted reason forr e j e c t i n g remedies u t i l i z i n g c o n s o l i d a t e and cap , and in p a r t i c u l a rA l t e r n a t i v e D, has no s i t e - s p e c i f i c v a l i d i t y .
C o n s o l i d a t e and c a p - i n - p l a c e has been used in the pas t at otherS u p e r f u n d s i t e s . For e x a m p l e , w i th in EPA Region 6, i t has beena p p r o v e d for use at the M i d - S o u t h Wood s i te in P o l k C o u n t y ,Arkansas.
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I I I . A L T E R N A T I V E D + 2
N e v e r t h e l e s s , A l t e r n a t i v e D+2 is herein provided as a means ofenhancing A l t e r n a t i v e D in order to remove any p o s s i b l e Agencyconcern about catas trophic s inkhole development. D+2 adds supp l e-mental engineering controls and s o l i d i f i c a t i o n of the a f f e c t e ds o i l s . For ease of comparison with other a l t e r n a t i v e s , the f o r m a tused to present th i s a l t e rna t iv e is the same as that used in theF S Report .
A l t e r n a t i v e D+2 - I n c i n e r a t e . S l u d g e s / C o n s o l i d a t e and S t a b i l i z eS o i l s / C a p - i n - P l a c e A f f e c t e d . S o i l and £r_ovideS t o r m w a t e r C o n t r o l s
Descr ip t i on
The p r o p o s e d remedial a l t e r n a t i v e chosen by the E P A , on-siteinc inerat ion of s l u d g e s and s o i l s , is a p p a r e n t l y based on concernsabout the karst g eo l ogy and the presence of certain isomers ofdioxin. The primary concern appears to be the po t en t ia l forca ta s trophi c s inkhole development which might lead to f a i l u r e ofthe on-site encap su la t i on a l t ernat ive s .
As e x p l a i n e d p r e v i o u s l y , the EPA is making th i s remedy p r o p o s a lwithout s u f f i c i e n t s i t e - s p e c i f i c da ta and without due c o n s i d e r a t i o nof a v a i l a b l e l i t e r a t u r e concerning engineer ing p r a c t i c e s in karstterrains. Numerou s p u b l i c a t i o n s are a v a i l a b l e concerning p l a n n i n gand d e s i g n cons iderat ions in karst terrains. M e t h o d s have beend e v e l o p e d f or i n v e s t i g a t i n g th e p o s s i b i l i t y o f c a t a s t r o p h i c sink-hole c o l l a p s e and for d e v e l o p i n g s inkhole risk mode l s . Engineeringso lu t ions for prevention of s tructural damage because of s inkholec o l l a p s e have been deve l oped w^ich, among others, inc lude the useof g eo synthe t i e s , compaction grout ing and s p e c i a l i z e d f o u n d a t i o ndesign. In the event that a s inkhole c o l l a p s e did occur, provenremed ia t i on techniques have been s u c c e s s f u l l y used.
T h i s a l t e r n a t i v e i s * t m i l a r to A l t e r n a t i v e D with the a d d i t i o n ofmore s t r ingen t r u n - o n / r u n - o f f c ontro l s and s t a b i l i z a t i o n ofa f f e c t e d soil pr ior to p l a c i n g the a f f e c t e d soil under a c ompo s i t ecap. A l t h o u g h the po t en t ia l for f o r m a t i o n of a s inkhole whichwould cause f a i l u r e of the cap is considered very u n l i k e l y tooccur, add i t i ona l engineering controls and s o l i d i f i c a t i o n of theconsol idated material are proposed in this al ternative to f u r t h e rensure that f a i l u r e due to sinkhole f o rmat i on wi l l not occur anda l s o to i m m o b i l i z e any dioxin (addre s s ed in the A p p e n d i c e s ) .
The c a p p e d p o r t i o n o f a f f & c t e d mater ial i s re located southeast o fthe or iginal A l t e r n a t i v e D l o c a t i o n as shown in F i g u r e 2. As ar e su l t , all a f f e c t e d soil i s e x cava t ed , s t ab i l i z ed and con so l ida t edunder the composite cap which is designed per S e c t i o n 6.1.3 of the

-10-
UB40

thunter
008708



R A H ROAD D I T C H AREA

DEEPER E X C A V A D Q N
I I ' T O 5 ' )

PERIMETEB ^ SHA"-OWEXOWA7IOM

«m»0fi OKE CONSWWCTED OPS7AKOZBO WRBCTB5 SOUSDEEPER E X C A V A T I O N
16' TO IS*)

CROSS SeCTBON A • A
T H O U E Y 7 . R E A T M E N T AREA

thunter
008709



FS Repor t . The remainder of the s i te is covered by a t o p s o i l cap.C o n s t i t u e n t m i g r a t i o n , should it occur, is tracked by the monitor-ing program al so described in FS S e c t i o n 6.1.3. S i n k h o l e f l u i d sand de con taminat i on water are treated in an on-site wastewatertreatment uni t , described in FS Sec t i on 6.1.3, and discharged offsite. S t a b i l i z a t i o n of the a f f e c t e d soil is achieved by the useof p o z z o l a n i c agents such as fly ash or kiln dust or with Portlandcement mixed with the a f f e c t e d soil to produce a s table materialwhich is strong, r e la t ive ly impermeable, and resistant to physicalbreakdown. T h i s process creates a p p r o x i m a t e l y a 24,000-cubic yardmass of s t a b i l i z e d material to s t ruc tura l ly bridge any f o u n d a t i o ns e t t l ement that may occur, such as f rom a sinkhole f o rmat i on , inthe u n l i k e l y event one should fora. The s t ab i l i z ed soil w i l l havea minimum compres s ive s trength of 400 psi a f t e r 28 days of curingand w i l l be s i m i l a r in charac t er i s t i c s to a weak concrete. TheT r e a t a b i l i t y S t u d y Report ind i ca t e s the use o f s i l i c a t e or l imea d d i t i v e s w i l l i m m o b i l i z e the high mol e cu lar weight organ-.2c o m p o u n d s , produce t h e l eas t p e n t a c h l o r o p h e n o l ( P C P ) m o b i l i z a t i o nand y i e l d the h ighe s t s t r eng th mixture. A p i l o t s t u d y to v e r i f yt h e a p p r o p r i a t e s t a b i l i z a t i o n proce s s , quan t i ty o f a d d i t i v e srequired and that the m o b i l i z a t i o n of pep can be minimized wouldbe conducted during the Remedial Design.
The stonawater control system is shown in F i g u r e 2 and consists ofthree m a j o r components: 1) a method to prevent stormwater f r o mrunning onto the s i t e , 2) a method to provide rapid removal ofwater f a l l i n g on the s i te and 3) treatment of s u r f i c i a l areas proneto stormwater i n f i l t r a t i o n . Perimeter d i t che s are constructed toco l l e c t water running on the site and r u n o f f f r om the cap. T h e s ed i t ch e s are d e s i g n e d with stone rip rap or concrete l i n i n g toaccommodate h igh v e l o c i t i e s . Drop s truc ture s , energy d i s s i p a t o r sand c o l l e c t i o n boxes are required and w i l l be l o c a t e d dur ing thef i n a l d e s i g n phase . S i t e r u n o f f i s c o n t r o l l e d by p r o v i d i n g acenter crest wi th a 2 to 3% s ide s l o p e and a series of swalesd e s i g n e d t o reduce th e t ime o f c oncen tra t i on f or overland f l o w .T h e e x i s t i n g s inkho l e a n d other near- sur fa c e f e a t u r e s i d e n t i f i e das be ing prone to s tormwater i n f i l t r a t i o n are c a p p e d and graded insuch a way as to divert stormwater around them.
Design Baaia
See S e c t i o n 6.1.3 of the FS report for the d e s c r ip t i on s of f e n c i n g ,decontaminat ion and removal of ex i s t ing structures, excavation andincineration of s l udge s , wastewater treatment, ground water moni-toring and t o p s o i l cap. T a b l e 1 presents a d e t a i l e d cost estimatef o r A l t e r n a t i v e D+2.
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U847 TABLE 1
A l t e r n a t i v e 0 + 2

i n c i n e r a t e s l u d g e s / c o n s o l i d a t e arid s t a b i l i z e s o i l s /c a p - m - p l a c e A f f e c t e d s o i l a n d P r o v i d eS t o r n w a t e r c o n t r o l s
Arkwood inc. s i t eOmaha. A r k a n t i t

C A P I T A L f t O P E R A T I N G C O S T SCannon H e n sRemove ind i n c i n e r a t e s l u d g e sL i n e p e r i m e t e r D i t c n e s / f t i o * f t a pD i k e Around C o n s o l i d a t i o n A r e ss t a b i l i z e A f ( e c t * d S o i l sc o n s o l i d a t e A f f e c t e d s o i l sHCRA C40 Over consoi i d a l ionf o p s o i i cap Over Remainder of sues i t e f a c i l i t i e s « u t i l i t i e s - c a p i t a ls i t e F a c i l i t i e s » u t i l i t i e s - o p e r a t i n g
s u b t o t a lc o n t r a c t o r o v e r h e a d , p r o f i t a Bonds
C o n t i n e e n c vE n g i n e e r i n g * c o n l l r u c t l o n s u r v e i l l a n c e

E S T t U A T E D C A P I T A L A O P E R A T t K ; C O S T
P O S T C L O S U R E CARE C O S T SM a i n t e n a n c e

ce M a i n t e n a n c e
A n n u l ' s u b t o t a l
N e t P r e s e n t v a l u e o f Annual s u b t o t a l [ b ]Crouno n a t e r u o n i l o r i n f l( N e t p r e s e n t v a l u e ) I b . c ]

Q u a n t i t y

5.000
1 , 5 9 0

30,400
23,500

136,000
517. tOO

1 - 1 / 4

L t l l t l

i f
I f

CVcvI ff t
y f

u n i tcost

25
71

130
4.50
300
0.74

183.000

C 0 ( l ( 1 1

$110.000
137.000
135 000
109.000

2.432.000
115.000
409.000
383.000

J 7 . 0 0 0
219.000

S 5 . 2 S O . O O O
* 1 .20
i t I S
* 1.10

N o t e s

s ee r a b f e B-IBs e e T a b l e B - I
1 0 ' H e i g h t

C a p snown i n F i g . «-?A
s e e T a b l e B-iesee T a b l e BOB
Rounded to ten t h o u s a n d s

15
S . O O O

* C / V rI f / v r 130
0.40

J9.400.000

1.300
1.000
4.300

66.000

144.000

Rounded

Rounded to h u n d r e d s

c o n I t n o e n c yE n g i n e e r i n g t c o n s t r u c t i o n s u r v e i l l a n c e
W E T P R E S E N T V A L U E P O S T - C L O S U R E CARE C O S T ( b )
E S T I M A T E D A L T E R N A T I V E C O S T

( N E T m C S E M T V A L U E X d ]

260.000
X 1 .15
X t .20

S390.000

S9.*00.000

M O T E Sf a ] c o s t s a r e m i[ b ] A i s u n e s a n .mere s t ( d i s c o u n t ) r a t e o f 5 f t ( n e t o f i n f l a t i o n )and a 30 year o o i t * c i o i u r e care p e r i o d[ c ] M o n i t o r i n g f r e q u e n c y a n d p a r a m e t e r s a r e s p e c i f i e d i n s e c t i o n 6 .[ d ] T h e s u « o f c a p i t a l a n d o p e r a t i n g c o s t s a n d t f t e n e t p r e s e n t va lue o f i n e(he ( X H i * c l o s u r e care co s t s .
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G e n e r a l :
Volume excavatedV o l u m e cappedArea of capConstruc t ion Period

S t a b i l i z e d M a t e r i a l :
U C c S t r e n g t h

P e r m e a b i l i t y
Free l iqu id release
Volume Increase
S t a b i l i z tion Process

20,400 c.y.2 5 , 5 0 0 c.y.
136,000 s . f .1* Year

> 15 psi 8 3d>300 psi @ 7d
>400 psi @ 28d
W6 cm/sec , or less
Minimal
15 to 25%
S i l i c a t e A d d i t i v eor Lime A d d i t i v e

W h i l e not warranted in our view, A l t e r n a t i v e D+2 prov ide s twoadvantages over the original A l t e r n a t i v e p. F i r s t , an engineeredsystem to control r u n o f f f r o m the entire site and surrounding areaw i l l reduce the a lready small po t en t ia l for s inkhole d eve l opment .S e c o n d , s o l i d i f i c a t i o n of the a f f e c t e d soil p laced under thecompos i t e cap wi l l provide structural s trength to wi ths tandc o l l a p s e should a s inkhole d ev e l op . S o l i d i f i c a t i o n would alsop r o v i d e a d d i t i o n a l assurance that d i o x i n and other c o n s t i t u e n t swould be i m m o b i l i z e d should the I n t e g r i t y of the e n c a p s u l a t e dm a t e r i a l be t e m p o r a r i l y breached. T h i s would e l i m i n a t e anyp o s s i b i l i t y of t ran spor t of c o n s t i t u e n t s to the ground watersystem.
S o l i d i f i c a t i o n and cap- in-p la c e has been used in numerous S u p e r f u n dsite remediations. In EPA's recent survey on t e chnology trends intreatment RODs between 1987 and 1989, 45 s i t e s , 22.5% of the totalsites in the s tudy, used s o l i d i f i c a t i o n / s t a b i l i z a t i o n as a meanso f s i t e remediation. E x a m p l e s o f RODs c on ta in ing s o l i d i f i c a t i o n /s t a b i l i z a t i o n i n c l u d e S e l m a Pressure T r e a t i n g C o m p a n y i n S e l m a ,C a l i f o r n i a ; Love Canal - 93rd S t r e e t S c h o o l , N i a g a r a F a l l s , N e wY o r k ; and Diamond A l k a l i - 80 Li s t e r Avenue, N e w a r k , New J e r s e y .
A l t e r n a t i v e D+2 is protec t ive of human heal th and the environmentand p r o v i d e s both short- and long-term e f f e c t i v e n e s s . It reducest o x i c i t y by de s t ruc t i on of 40% of the contaminant mass and m o b i l i t yby e n c a p s u l a t i o n and would be easy to impl emen t using e x i s t i n gt e chno l ogy . it would al so be much more c o s t - e f f e c t i v e than theE P A ' s p r e f e r r e d s o i l s remedy, p r o v i d i n g t h e same overall reduct ionin risk for s i g n i f i c a n t l y le s s cost.
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I V . G E N E R A L A S S E S S M E N T O F E P A ' S PREFERRED S O I L S ..BEHEDY
A general C o n s i d e r a t i o n s

A l t e r n a t i v e H is c r i t i c a l l y d e f e c t i v e in terms of two of the"primary balanc ing criteria" used to weigh m a j o r t r a d e - o f f s amongf e a s i b l e a l t ernat ive s — I m p i e m e n t a b i l i t y and C o s t - E f f e c t i v e n e s s .We believe that EPA will f i n d that A l t e r n a t i v e H also lackscommunity acceptance for the reasons discussed below. A l t e r n a t i v eH has an excessive cost with l i t t l e or no increase in protec t ionof human heal th and the environment, and is complex to operate and,we believe, wi l l lack community acceptance,
B.

The EPA concedes that incineration is a complex a l t ernat ive toimplement (Proposed P l a n , page 8). The construction of an incin-erator is a f o r m i d a b l e task that presents considerable engineeringd i f f i c u l t i e s . It en ta i l s the car e fu l assembly o f many intricatepar t s that demand s k i l l e d construction engineers. I n j u r i e s andeven d ea th s in the o p e r a t i o n of inc inerator s have been recorded.I n c i n e r a t i o n requires h i g h l y trained s p e c i a l i s t s , who are o f t e n notr e a d i l y a v a i l a b l e , for o p e r a t i o n and maintenance. A trial burnwould be required b e f o r e b e g i n n i n g o p e r a t i o n s , and constanta n a l y t i c a l work and m o n i t o r i n g would have to be i m p l e m e n t e d .
I n c i n e r a t i o n al so p r e s e n t s t w o a d d i t i o n a l d i f f i c u l t i e s f r o m t n es t a n d p o i n t of o p e r a t i n g the scrubber sys t em and h a n d l i n g ofm a t e r i a l s . The scrubber sys t em is required to prevent stack gasp o l l u t i o n . It requires a source of water and it creates waste-water. A d d i t i o n a l l y , the ash would need to be b a c k f i l l e d andcovered wi th a topso i l cap.
M a t e r i a l h a n d l i n g prerequis i t e s prior to f e e d i n g the incineratorw i l l require storage systems. Control of f u g i t i v e dust emissionsw i l l ba necessary, o f t e n g r i n d i n g is necessary prior to f e e d i n gand this may also result in dust generation.
W h i l e there are several basic type s of incinerators, each one hasits own set of inherent d i f f i c u l t i e s . The rotary ki ln incineratorsare l a r g e , expens ive , and may require a secondary combustionchamber. Th« t l u i d i a e d bed incinerator pre s en t s c o s t l y ob s ta c l e sto the easy ramoval of ash, and it can have extensive r e f r a c t o r yp r o b l e m s . The m u l t i p l e hearth incinerator has a l o n g residencetime and s i m i l a r l y extensive r e f r a c t o r y prob l ems . Its s low tem-perature reaponse al so makes th i s t y p e of incinerator large andexpensive. The i n f r a r e d incinerator i s m e c h a n i c a l l y c o m p l e x andp r e s e n t s p r o b l e m s in t h f c f e e d i n g mechanism.
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T o opera t e e f f i c i e n t l y a n d prov id e u n i f o r m treatment o fcontaminated mater ial s requires pre-treatment or s iz ing of the f e edmater ial . S i z i n g of the f e ed materials for Arkwood can beaccompli shed by use of the sieve and wash process determined to bef e a s i b l e in the Arkwood T r e a t a b i l i t y S t u d y . A homogeneous f e e dmaterial a l l ow s the combustion chamber to opera t e e f f i c i e n t l y andassures u n i f o r m heat treatment or des truct ion of the p a r t i c l e s ofa f f e c t e d soils.
C. C o s t - E f f e c t i v e n e s s

The purpo s e of r e m e d i a t i n g a s i te is to prov ide adequate p r o t e c t i o nto p u b l i c h e a l t h and the environment f rom the const i tuents presentat the site. W h i l e such protec t ion is a p r i o r i t y , the Nat i ona lC o n t i n g e n c y P l a n requires that cost ba considered and compared wi ththe b e n e f i t that w i l l result f r o m i m p l e m e n t i n g a remedy. A reason-able level o f p r o t e c t i o n i m p l i e s that th e pro t e c t i on a f f o r d e d th ep u b l i c and the environment is acceptable according to ths prevail-ing norms of risk analys i s . Any protec t ion beyond this reasonablel evel does not andow s i g n i f i c a n t b e n e f i t s to the p u b l i c and theenvironment; d i m i n i s h i n g returns r e s u l t . Any e x p e n d i t u r e o fresources to achieve this greater degree of p r o t e c t i o n is u n j u s t i -f i e d . T h e r e f o r e , c o s t - e f f e c t i v e n e s s is required to be consideredin site remedy se lec t ion. Any remedy that has an excessive costwithout a c o r r e s p o n d i n g increase in overal l p r o t e c t i o n of p u b l i ch e a l t h and the environment is not c o s t - e f f e c t i v e .
In the case of the Arkwood , Inc. site., the proposed inc inerat ionremedy is the most co s t ly of all f e a s i b l e remedies for the site.F u r t h e r m o r e , i t does not p r o v i d e for a s i g n i f i c a n t l y greater degreeof p r o t e c t i o n than other, le«s c o s t l y remedies . The FS has demon-s t ra t ed that several other a l t e r n a t i v e s invo lv ing p a r t i a lincineration, conso l idat ion and c a p p i n g would prov ide f u l lpro t e c t i on to p u b l i c h ea l t h and the environment for s u b s t a n t i a l l yl e s s cost. T h i s p r o t e c t i o n is measured by carcinogenic risk ( f o rp u b l i c h e a l t h ) and by p r e d i c t e d l e v e l s o f p e n t a c h l o r o p h e n o l inground water ( f o r the env ironment). An a d d i t i o n a l paramet er i sthe level of residual dioxin in soil that is a l l o w e d to remain.W h i l e incineration provides f or these three c l ean-up parameters,other f e a s i b l e a l t e r n a t i v e s do so at s u b s t a n t i a l l y less cost.

D. Communi ty .Acceptance
Community acceptance is a critical part of the eva lua t i on of inein-aration as a remedial a l t e r n a t i v e . H i s t o r i c a l l y , incineration hasencountered s u b s t a n t i a l local resis tance. S u c h o p p o s i t i o n is usu-a l l y based on the h e a l t h risk that incinerators are perceived topresent because of their emissions of combusted mat er ia l s into theambient atmosphere. Furthermore , there is a mi sp laced d i s tru s t of
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government and industry on the part of the p u b l i c ; this mispercep-tion l e a d s to the b e l i e f that the complex t e chnology characteristicof incinerators would not be opera t ed p r o p e r l y . The p u b l i c wouldmoreover be f e a r f u l of a d d i t i o n a l d iox in p r o d u c t i o n due to theh igh- t empera tur e combustion of p e n t a c h l o r o p h e n o l . T h e s e concernsare not t e chni ca l ly sound but, nonetheless, local o p p o s i t i o n haso f t e n resulted in either de lays in construction or in cance l la t ionof the entire remediation option.
At the A r k w o o d , Inc. s i t e , a school ia located on a h i l l 1/4 m i l ef r o m the s i t e; this arrangement could result in the top of theincinerator stack being almost level with the school grounds. Itis p o s s i b l e , t h e r e f o r e , that the pub l i c might perceive a healthrisk to school children as a result of. inhalat ion exposure to stackemiss ions. T h i s f e a r would be he ightened when the emiss ions arev i s i b l e . In a d d i t i o n , the s i t e i s s i t ua t ed in a v a l l e y le s s thana mile f r o m the town of Omaha. Gaseous emissions could c o l l e c t inthe v a l l e y and p e r c e p t i v e l y de ter iorate the ambient air q u a l i t y ofan area much greater than the site i t s e l f . If the scrubber systemnecessary to the incinerator were to go down, there could beincreased emission of noxious p r o d u c t s , such as hydrochlor i c acidand NO* p r o d u c t s , which would d e t e r i o r a t e the a t m o s p h e r i c oatone.M a l f u n c t i o n i n g of the scrubber sys tem cou ld occur as a re sul t ofop era t or errors, equipment m a l f u n c t i o n , or power outage. W h i l e it;s our opinion that these risks can be adequat e ly addre s s ed ,ommunity acceptance is o f t e n based on mi sp er c ep t i on s .

.nother f a c t o r i n f l u e n c i n g community acc ep tance i s the e f f e c t an^ncinerator may have upon the ae s the t i c s of the region. TheA r k w o o d , Inc. site area is very scenic, and the presence of anincinerator could detract f r o m the scenic value of that part of theOzarks. Community ob j e c t ions to incineration based on these andother f a c t o r s could result in d e l a y s in construction and inr emed ia t i on of the s i t e .
E. S u m m a r y

In summary, A l t e r n a t i v e H has an excessive coat without a corres-p o n d i n g increase in overall p r o t e c t i o n of p u b l i c h e a l t h and theenvironment , and when compared with soil w a s h i n g / i n s i t u v i t r i f i -ca t ion (see S e c t i o n V I - C . ) ia l e s s a t t r a c t i v e in terms o f the otherf o u r pr imary r emedia l eva lua t i on cr i t er ia .
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V . S I £ V E _ A H D W A S H
E R H - S o u t h w e s t does not bel ieve that treatment of the a f f e c t e d soilis warranted; however, an essential pre l iminary s t ep for anyremedial a l t e rna t iv e in which a f f e c t e d s o i l s are to be t r ea t ed , issieve and wash. T h i s proc e s s , which removes rock material that isnot a f f e c t e d above the action l e v e l , must be an integral part ofany treatment scheme no matter what the treatment process chosen,be it in situ v i t r i f i c a t i o n , slurry b i o d e g r a d a t i o n / s t a b i l i z a t i o nor inc inera t ion. The process s i g n i f i c a n t l y reduces the volume ofm a t e r i a l s that require t r ea tment , at a r e l a t i v e l y low cost , thusp r o v i d i n g a more c o s t - e f f e c t i v e remedial action without reducingthe e f f e c t i v e n e s s o f th e remedial a l t e r n a t i v e .

A . Background
The s u r f i c i a l covering residuum at th£ Arkwood Inc . s i te rangesf r o m a few f e e t to over 50 f e e t in thicknes s . T h i s mat er ia l isderived f rom the de compos i t i on of the Boone F o r m a t i o n , a predomi-n a n t l y gray, f i n e l y c r y s t a l l i n e c r i n o i d a l l i m e s t o n e wi th abundantthin layer s of cherty l ime s t on e and in t erbedded gray dense chert.The residuum r e s u l t i n g f r o m the weathering of thi s parent materialis a red, very cherty c l a y . V i s u a l observation of the residuumat the s i te indica t e s that the m a j o r i t y of the residuum is composedof chert rocks (chert is a m i c r o c r y s t a l l i n e s i l i c e o u s r o c k ) with.esser amounts of s a n d s , s i l t s , and red c lay s .
S i n c e s i l i c e ou s rocks do not r e a d i l y sorb organic c o n t a m i n a n t s , itwas p o s t u l a t e d that the chert mass c ompr i s ing the m a j o r i t y of there s iduum did not contain s i g n i f i c a n t c oncentra t ions o f organicc o n s t i t u e n t s o f concern, P C P , p o l y n u c l e a r aromatic hydrocarbons(PNAs) or d i ox in s and d i b e n z o f u r a n s .

B. Part i c l e . J a l z e - A n a l y s i s of .Residuum
A l a r g e c o m p o s i t e s a m p l e of re s iduum was c o l l e c t e d us ing a backhoef r o m several locat ions at the Arkwood Inc . site. T h i s s a m p l e wasw e l l m i x e d , then drummed for use ac cord ing to m e t h o d o l o g y de s cr ibedin th e T r e a t a b i l i t y S t u d y section o f t h e FS, Par t i c l e sizea n a l y s i s uf th i s r e s iduum, as noted in T a b l e 2, shows thata p p r o x i m a t e l y 70 percent of the bu lk mat er ia l is grea t er than 12mesh (0.05515 inches) in size. T h i s 70 percent mass is composeda l m o s t e n t i r e l y o f chert.

C. A WeJ.1 E s t a b l i s h e d S y s t e m
S o i l washing is a volume reduction process for t r ea t ing excavateds o i l . S o i l wash ing is based on the f o l l o w i n g premi s e s: 1) con-taminants tend to be concentrated in the f i n e size f r a c t i o n of soil
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T A B L E 2
S o l I s i e v i n g

A r k w o o d , inc . s i t ef t n a h a . A r k a n s a s

?ve s i z e
6 i n c ht ich• i ichJ - i / 2 i n c h3 ; r c h
2 - 1 / 2 i n c h2 i roni - l / . 1 inch1 - 1 / 4 inch

nch
3 / 4
1 / 2vei / ^ c h4 r , ( 0 . 1 8 7 " )
10 sh 1 3 . 0 7 8 7 " )
12 r sh ( V . 0 5 5 5 " );5 mesh (0 0 1 9 7 " )
' 0 mesh ( 0 . 0 1 6 5 " )t 8 mesh ( 0 . 1 1 1 7 " )j S mesh ( O . C 0 8 3 " )10 mesh ( 0 . 0 1 5 9 " )- 0 mesh ( Q . X 2 9 M

5/89 5 / 1 9 / 8 9T o t a l S o ! I s - 1 2 meshB u l k A n a l y s i sD r y S i e v e W e t S i e v e( * F i n e r ) [ a ] ( % F i n e r )

39.4

16.7 100
78.2
71.9
65.5
61.15 3 . 1

9/09< - 1 / 4 I n c h
B u l k [ a ] CombinedD r y S i e v e R e s u f t s( * F i n e r ) [ a ] ( % F i n e r )

87.9 92.7
7 1 . 1 82.5
46. 8 67.8
27.8 56 .2

0 39.4

16.7
1 3 . 1
12.0
10.9
10.2
8.9

CrabS a m p l e! b ]
100

91.5
87.3
80.7
74.1
70.0
65.8
60.6
51.845.4
3 9 . 1
35.8
30.4
28.0

26.2

25.8
25.4

o t e s :
a ] S e o a r a t i o n I n t o f r a c t i o n s f o r t r e a t m e n t t e s t s .
b ] S i n g l e b u l k l a m p i e s i e v e a n a l y s i s p e r f o r m e d a t S o u t h w e s t e r n L a b o r a t o r i e s , i n cD r l o ; t o T r e u a b i l i t y S t u d y .
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( s i l t , c l a y , and soil organic m a t t e r ) , and 2) contaminants associ-ated with the coarse soil f r a c t i o n ( s a n d , gravel and cobb l e s) arep r i m a r i l y s u r f i c i a l . The ob j e c t ive of the process is toconcentrate the contaminant s into a smal l e r volume of materialwhi l e p r o d u c i n g a washed soil product meeting a p p r o p r i a t e c l ean-upcriteria.
F o l l o w i n g debris removal, soil is mixed with water and s u b j e c t e dto various unit operat ions common to the mineral processingindu s t ry . Process s t e p s can in c lud e mix ing t rommel s , pug m i l l s ,v ibra t ing screens, f r o t h f l o t a t i o n c e l l s , a t t r i t i o n scrubbingmachines, hydrocylones , screw c l a s s i f i e r s , and various dewateringo p e r a t i o n s . The core of the soil washing proces s is a m u l t i - s t a g e ,counter-current, intensive scrubbing circuit with i n t e r s t a g e c la s s-i f i c a t i o n . The scrubbing action d i s in t egra t e s soil aggregate s ,f r e e i n g contaminated f i n e p a r t i c l e s f r o m t h e coarser sand, graveland c obb l e s . In a d d i t i o n , s u r f i c i a l c on taminat i on i s removed f r o mthe coarse f r a c t i o n by the abrasive scouring action of thep a r t i c l e s themse lve s . C o n t a m i n a n t s may al so be s o l u b i l i z e d asd i c t a t e d by s o l u b i l i t y charac t e r i s t i c s or p a r t i t i o n c o e f f i c i e n t s .
T h e s e three mechanisms: - s e p a r a t i o n o f contaminated f i n e part-i c l e s , - scouring of coarse p a r t i c l e s u r f a c e s , and - d i s s o l u t i o nof c ontaminant s , each operate to varying degrees upon the soil andc o n t a m i n a n t ( s ) .
To improve the e f f i c i e n c y of soil washing, the process may bem o d i f i e d t o i n c l u d e s u r f a c t a n t s , d e t e r g e n t s , c h e l a t i n g a g e n t s , p Ha d j u s t m e n t or heat. In many cases, however, as was shown in theA r k w o o d , I n c . S i t e T r e a t a b i l i t y S t u d y , water alone i s s u f f i c i e n tto achieve the de s ir ed level of contaminant removal. A s i g n i f i c a n tr educ t i on in the volume of material requiring a d d i t i o n a l treatmentor d i spo sa l is accomplished by s epara t ing the washed coarser soilc o m p o n e n t s f r o m the process water and contaminated f i n e p a r t i c l e s .
The contaminated residual product s can be treated by other methods.Proces s water i s n o r m a l l y recycled f o l l o w i n g b i o l o g i c a l or p h y s i c a lt r e a t m e n t . O p t i o n s f o r t r e a t i n g t h e contaminated f i n e s c a n i n c l u d ein s i tu v i t r i f i c a t i o n , b io logical treatment, incineration, ors t a b i l i z a t i o n .
In the Arkwood , I n c . S i t e T r e a t a b i l i t y S t u d y , washing s tudie s onthe coarse soil f r a c t i o n were p e r f o r m e d by combining an a l i c f u o t ofa p a r t i c u l a r coarse soil f r a c t i o n with tap water and t u m b l i n g thi smixture in a standard laboratory bal l rail! without b a l l s . Tha tests i m u l a t e d autogenous g r i n d i n g in which the coarse soil mater ia lacted as the g r i n d i n g media. T h i s g r i n d i n g act ion scours thas u r f a c e s of the coarse sand and p ebb l e f r a c t i o n , removing thas u r f i c i a l c on tamina t i on . T h r e e coarse soil s ize f r a c t i o n s were
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o W a s h i n g was e f f e c t i v e in removing both PCP and PNAs f r o m th*>coarse soil to a level that would meet the e^ect fd c l eanupcriteria. S i g n i f i c a n t d i s s o l u t i o n of PCP occurred in the washwater, but no d e t e c t a b l e d i s s o l u t i o n of the PNAs was observedThe d i s s o lv ed PCP would be very amenable to b i o d e g r a d a t C n
o S i n c e the washing process is a g r i n d i n g / a t t r i t i o n processsome of the coarse material is t r a n s f o r m e d into f i n e s Kipercent l o s s o f coarse to f i n e increased with decreasingp a r t i c l e size. T h u s th e e f f e c t i v e n e s s o f soil wl sh inadecreased with de cr ea s ing p a r t i c l e size. wasning

a p p e a r e d to i f f i^ove increas ing
o The use of s u r f a c t a n t s did not improve the soil washinaprocess but a subsequent caustic leach of washed soil didreduce the level of PCP in that so i l . d i d

I n t e s t i n g s a m p l e s f r o m t h e A r k w o o d , I n c . s i t e t-hr«0 ™*,-«~.iev«d-.ndTwa.h«d s a m p l e s o f d i f f e r e n t ' f r a c U o n a ^ w e ' r e a n a i y 2 e d f o ?lonows? a "on-carcinogenic PNAs. The r e s u l t s Y are a s
S a m p l e N o . 1 S a m p l e N o . 2 S a m p l e N o . 3

T o t a l N c - P N A s '
B e n z o ( a ) a n t h r a c e n e
C h r y s e n e
B e n z o ( b ) f l u o r a n t h e n e
B e n z o ( J c ) f l u oran th ene
B @ n z o ( g h i ) p e r y l e n e
B o n z o ( a ) p y r e n e
T o t a l B e n z o ( a ) p y r e n eE q u i v a l e n t s

75
ene 8.66

13.60
thene 12 , 69
thene 13.46
ene 1.24

2.68

*-^ **r* I - i-^»i
15

1.31
1.29

N D 2

N D
N D
N D

1 / 4 " )
9
0.41
0.77
0.37
0.38

N D
N D

..7 0.2 0.14
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W a s h i n g studies on the f r a c t i o n of soil that was less than 12 meshwas conducted by combining soil and tap water at 50 percent s o l i d sand s u b j e c t i n g th i s mixture to intense a g i t a t i o n in a laboratoryf l o t a t i o n c e l l . As in the tests with coarse soil M a t e r i a l , thehigh- in t en s i ty a t t r i t i o n scrubbing achieved in this a p p a r a t u sr e su l t s in the scouring of the s u r f a c e s of the medium and f i n e sandsize material (-12 mesh + 200 mesh) removing sur f i c i a lcontaminat ion. Resul t s indicated t h a t ;
o A p p r o x i m a t e l y 50 percent of the medium and f i n e sand sizef r a c t i o n (-12 •*• 200 mesh m a t e r i a l ) fed to the soil wash ingtest ex i t s the washing process as -200 mesh mat e r ia l . Theremaining washed sand f r a c t i o n constitutes a p p r o x i m a t e l y 3.5percent o f the t o ta l s o i l s .
o The add i t i on of s u r f a c t a n t s or increasing the pH of the washwater did not lead to any s i g n i f i c a n t improvement in p e r f o r -mance over tap water alona.
o W a s h i n g did reduce the l e v e l s of both PCP and PNAs in thewashed sand f r a c t i o n of the soil by 86 and 48 p e r c e n t ,r e s p e c t i v e l y .
o The low recovery of washed sand re la t ive to the c o m p l e x i t y ofthe commercial sand washing f l o w s h e e t s ugge s t s that soilwash ing would not be an economical o p t i o n for t h i s f r a c t i o nof the Arkwood soi l . Rather, this material should proceedd i r e c t l y to treatment such as b i o r e m e d i a t i o n , in situv i t r i f i c a t i o n or in c in era t i on .

A re l evant r e f e r enc e for soil washing can be f o u n d in V a l i n e ,S t e p h e n B. , C h r e s a n d , Thomas J., and C h i l c o t e , Dennis D. , " S o i lW a s h i n g S y s t e m for Uae at Wood Preserving S i t e " , Proceedings of the1989 A i r a n d W a s t e Management A s s o c i a t i o n / E P A I n t e r n a t i o n a lS y m p o s i u m o n H a z a r d o u s W a s t e T r e a t m e n t , Biosystems f o r P o l l u t i o nC o n t r o l , February 1989.
S o i l wash ing has been commercial ized and is now used r o u t i n e l y inEurope, in the U n i t e d S t a t e s , the EPA has contributed ex t ens ive lyto the d e v e l o p m e n t of th i s t e c h n o l o g y through work at the E d i s o nf a c i l i t y . The soil washing equipment that was f a b r i c a t e d by theEPA is now in the process of being trans f erred to the p u b l i c sectorthrough t h e F e d e r a l T e c h n o l o g y T r a n s f e r A c t . F i n a l l y , soil washingis tha t e chno logy of choice in several r e c en t ly issued Records ofDecision ( R O D a ) , in a recent review of RODs that were IP sued forF V 1987-89, f i f t e e n o f t H e RODs ( 7 . 5 % ) contained soil washing/f l u s h i n g (A Comprehensive A n a l y s i s o f Remedies S&l acted in theS u p e r f u n d Program During FY ' 87 , FY • 88 , and FV « 89 , U . S .Environmental Pro t e c t i on A g e n c y , J u n e 20 , 1 9 9 0 ) . E x a m p l e s o f
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S u p e r f u n d sites where RODs contain soil washing as part of theremedial action are the S o u t h Calvacade s i te in H o u s t o n , T e x a s andthe K o p p e r a T e x a r k a n a , T e x a s site. Both are located in EPA, Region6.
Thus soil washing is an innovative, yet tested and acceptedt e chno l ogy f o r s i t e remediat ion.

D. A p p l i c a b i l i t y of -Soi l W a s h i n g to the. Arkwoo3 f inc. siteResiduum
During 1989, B i o T r o l , Inc . conducted a comprehensive s tudy of thea p p l i c a b i l i t y o f soil washing to s o i l s f r o m the A r k w o o d , I n c . s i tein Omaha, A r k a n s a s . T h e s e s o i l s contained PNAs, P C P , andchlorinated d i o x i n s / f u r a n s . T h i s s t u d y characterized the soil f r o mthe s i t e and evaluated the a p p l i c a b i l i t y of soil washing to varioussoil size f r a c t i o n s . T h e re sul t s o f this s tudy, Volume I I ,A p p e n d i x C o f the FS R e p o r t , i n d i c a t e d that soil washing, w i th int h e expec t ed g u i d e l i n e s f o r c l e a n u p o f PNAs and PCP, could reducethe volume of soil that would require add i t i ona l treatment bya p p r o x i m a t e l y 65%. S o i l washing w a s e f f e c t i v e i n achieving E P A ' spropo s ed c l e a n - u p cri teria for PCP on the coarse soil f r a c t i o n (>12me sh).
C o n s t i t u e n t s o f concern are both eroded f r o m the l a r g e p a r t i c l e snd desorbed during the sieve and wash process. The remaining.race concentrat ions are not r e a d i l y a v a i l a b l e to l e a c h i n g asr e f l e c t e d in the T r e a t a b i l i t y S t u d y re sul t s which showed thatnei tner increases in pH of the wash s o l u t i o n or the a d d i t i o n ofs u r f a c t a n t s increased the quant i ty of PCP that could be leachedf r o m the coarse f r a c t i o n of the residuum. It is there tore , h i g h l yu n l i k e l y that l ea ch ing under natural processes such as r a i n f a l li n f i l t r a t i n g through washed coarse res iduum, would re sul t inm o b i l i z a t i o n of const i tuents of concern.
T h e r e f o r e , soil washing prov ide s a c o s t - e f f e c t i v e and s c i e n t i f i -c a l l y sound t e chnology to reduce the volume of residuum requiringt r e a t m e n t . It doss th i s by c l e a n i n g and recovering a coarse soilf r a c t i o n that requires no f u r t h e r treatment. The b e n e f i t s ofreducing soil volumes b e f o r e treatment arc obvious, i n c l u d i n gshorter treatment time which would enhance community acceptance.Reduction in volume is, in and of i t s e l f a SARA requirement. W h i l ewe recommend agains t a treatment t e c h n o l o g y be ing i n c l u d e d in thes e l e c t ed s o i l s remedy, if one is, it must i n c l u d e an i n i t i a l sieveand wash s t ep to reduce volume and el iminate the treatment of vastq u a n t i t i e s o f u n a f f e c t e d rocks.
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V I , A L T E R N A T E T R E A T M E N T O P T I O N S
A , S o i l H a s h J . n e t / O n ~ S i t e J t n c i n e r a t i o n

One method of treatment would be to provide on-site incinerat iona f t e r soil washing.
A d e s c r i p t i o n of soil washingW a s h . d e t a i l e d in Part V, sieve and
A s p o i n t e d o u t i n S e c t i « i I V . A . , General Asse s sment o f E P A ' s Pre-f e r r e d S o i l Remedy, absence o f community acceptance o f on-sitein c inera t i on is a s i g n i f i c a n t issue, but soil washing to reduce theq u a n t i f y of ma t e r ia l to be incinerated would reduce the l e n g t h oft i i se the inc inera tor would be in o p e r a t i o n . T h i s would p r e s u n d b i yreduce some o f t h e c o m m u n i t y ' s o b j e c t i o n .
The combined use of soil washing and on-site i n c i n e r a t i o n would becons i s t en t w i th d o c u m e n t a t i o n pre s ent ed in the FS Report . A l t e r -nat ive E and F i n c l u d e soil w a s h i n g . A l t h o u g h the FS Report didnot combine c o m p l i m e n t a r y f e a t u r e s of these two proces se se x p l i c i t l y , one can i n t u i t i v e l y c o n c l u d e that the use of soilwa sh ing to reduce the volume of m a t e r i a l to be in c in era t ed isf e a s i b l e . W i t h soil w a s h i n g , tne volume o f mat er ia l to bei n c i n e r a t e d would be reduced by t w o - t h i r d s to a p p r o x i m a t e l y 7,000.y. Not i n c l u d i n g *~-his c o m b i n a t i o n as an a l t e r n a t i v e was an/ e r s i g h t .
j o s t s for t h i s A l t e r n a t i v e are given in T a b l e 3 .

B - S o i l W a s h i n g / B i o l o g i c a l T r e a t m e n t / S t a b i l i z a t i o n
* 20

A n o t h e r method of treatment wo 4 be b i o l o g i c a l t r ea tment f o l l o w i n gsoil wa sh ing . S t a b i l i z a t i o n w*. ala oj don® as a f i n a l proc edure .During 1980, B i o T r o l , I n c . conductea a comprehens ive s t u d y o f thea p p l i c a b i l i t y o f both soil wash ing and b i o l o g i c a l d e g r a d a t i o n t os o i l s f r o m t h e A r k w o o d , I n c . s i t e . T h e s e s o i l s contained P N A s ,P C P , a n d c h l o r i n a t e d d i o x i n s / f u r a n s . T h i s s t u d y characterized t h esoil f r o m the s i t e , evaluated the a p p l i c a b i l i t y o f soil washing tovarious soil s ize f r a c t i o n s , and de t e rmined the a p p l i c a b i l i t y o fb i o l o g i c a l d e g r a d a t i o n f o r both P C P a n d P H A s . T h e r e s u l t s o f t h i ss t u d y were pre s ented in -he F5 Report and have b&en u s ed , a l o n gwith those f r o m a s epara t e s t u d y w i t h i n the FS to assess s t a b i l -i z a t i o n of s i t e s o i l , to d e v e l o p an innovative remedial process forthe A r i c w o o d , I n c . s i t e , which consis t s of soil wash ing ( s i e v e andw a s h ) , b i o l o g i c a l treatment and s o l i d i f i c a t i o n .
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US 39 T A B L E 3
S i e v e a n d w a s h / i n c i n e r a t e S l u d g e s a n d A f f e c t e d s o i l

F l f i e s O n - S i t e

A r k w o o d , I n c . s i t e
Omaha. A r k a n s a s

C A P I T A L * O P E R A T I N G C O S T S
Cannon i t e m s
E x c a v a t e s l u d c -
e x c a v a t e a l f e c j t o i l s
sieve a n d wash A f f e c t e d s & i n
p e r c e n t s o H u e e t i n g T r e a t m e n t c oa i i
i n c i n e r a t e F i n e s O n - s i t e

R e m a i n i n g washed s o i l t o r c a p p i n g
S i t e f a c i l i t i e s & u t i l i t i e s • c a p i t a l
S i t e ( a c i i i l i e t « u t i l i t i e s • o p e n t i n g

c k f i l l r n t s e d a s h l i n c i n e r a t o r
i c r t r t"* i er f t t o w o o t n s l u d a e

w a i l e v a t e r T r e a t n c n t
R e s t o r e D i s t u t b e d

unit
Q u a n t i t y u < i i s coil

430 ev
10.400 cy

7,000 ev
13.400 cy

S 3 . S O
13.50

i yean i t a i . o o o
6700 GV $1.50

15 SC 119.000

t o t a l
•actor overhead. P r o f i t * eondt

! ' h g e n c v
t n g i n e e r i n g « c o n s t r u c t i o n s u r v e i l l a n c e

E S T I M A T E D C A P I T A L A O P E R A T I N G C O S T

E S T I M A T E D P O S T - C L O S U R E C A R E C O S T

E S T I M A T E D A L T E R N A T I V E C O S T ( N E T P R E S E M T V A L U E ) [ b ]

cost ( a l note s

1310.000 see u>iie e-IB
i.ooo

71.600
1.060.000

1430 3.100.000 s e e T a D i e B - ' A
S I S O 10.000

77.000 s e e T a b l e B - J 8
I B 3 . 0 C K I s e « T a b i o B-ae
10.000

soo.ooo P * e i l a i n a r y e s t i m a t e
I K S . 0 0 0

is.70o.ooo Rounded t o h u n d r e d t h o u s a n d s
X 1.20
X 1 . 1 5
X 1.30

l i o .30o . oo0 Rounded
so

S10.300.00O

E a ) c o s t s a r e m i d
I b l T n e same a * S h e am, oo . i . l i n B co s , s i n c e .here are «o D W l - c t o s u r . .os.s for t h i s a . t e r n a t . v e
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2 . T r e a t a b i l i t v S t u d y
The goal of the T r e a t a b i l i t y s tudy was to i d e n t i f y po t en t ia l treat-ment o p t i o n s f o r t h e A r k w o o d , I n c . site. The t r e c . t a b i l i t y s tudyp e r f o r m e d by B i o T r o l f o c u s e d on the use of soil washing andbiodegradat ion. Both t e chnologi e s appeared to be a p p l i c a b l e to thepar t i cu lar soi l s f r o m the Arkwood , Inc . s i te, and a combination ofthe two t e c h n o l o g i e s emerged as the t e c h j r ~ i l l y e f f e c t i v e op t i on.T h i s combination would a l l o w soil washing j clean and s eparat e thecoarse soil p a r t i c u l a t e s that met the c leanup criteria f r o m thef i n e r soil f r a c t i o n that did not met the cleanup s tandards. S o i lwash ing , a l t h o u g h not e f f e c t i v e on the to ta l mass of s o i l , coulds i g n i f i c a n t l y reduce the volume of soil that would require bio-l o g i c a l t r ea tment , thus reducing the cost of this subsequent s tep.The b i o l o g i c a l l y treated soil did achieve the proposed c l eanupcr i t e r ia for P C P . D e t a i l s o f the test r e su l t s can be f o u n d in thedocument e n t i t l e d " F e a s i b i l i t y S t u d y - V o l u m e I I , A p p e n d i x C ,T r e a t a b i l i t y S t u d y Report ," E R M - S o u t h w e s t , I n c . , March 30 , 1990.

a. soil W a s h i n g
A d e s c r i p t i o n of soil wash:ng is d e t a i l e d in Part V.

b. B i o l o g i c a l . Trea tment
ie e f f e c t i v e n e s s of b i o d e g r a d a t i o n in a s l urry sys tem was evalu-ced to assess the a p p l i c a b i l i t y of th i s t e chno logy to the Arkwood ,j .nc . s i t e . I n i t i a l s t u d i e s were conduc t ed to d e t e rmine thee x i s t enc e o f s p e c i f i c d e g r a d e r s i n d i g e n o u s t o th e Arkwood s o i l .Degrader s s p e c i f i c for PCP were observed. A series of p r e l i m i n a r yd i l u t i o n s tudie s were al so conducted which showed no inhib i t i on inb i o l o g i c a l a c t i v i t y over the range of 5 to 30 percent s o l i d s in thes lurry. Based on the e x p e c t e d t h i c k e n i n g charac t e r i s t i c s of theArkwood c l ay m a t e r i a l , 15 percent s o l i d s was chosen as the levelto use in the b i o l og i ca l t r e a t a b i l i t y s tudy.

The b i o s l u r r y t e s t i n g was p e r f o r m e d on 100-gram a l i q u o t s ofA r k w o o d , I n c . s i t e soil (-12 mesh) p l a c e d in f l a s k s c on ta in inginoculated nutrient media. The use of s a c r i f i c i a l r e p l i c a t e s waschosen for th i s s t u d y so the t o ta l content s of the f l a s k could bes a m p l e d a t each s a m p l i n g p e r i o d . The f l a s k s were a g i t a t e dcon t inuou s ly on a gyratory shaker to p r o v i d e mix ing and aerationof the slurry. At any given s a m p l i n g time, the f l a s k contents weref i l t e r e d and both s o l i d s and f i l t r a t e were analyzed s epara t e ly .S a m p l e s were taken at d a y s 0, 7, 14, 28, 56, and 98. Resu l t sindicated that ovar 89 percent of the PCP and 90 percent of theindicator PNAs were degraded in the time frame of the s tudy. Theb i o l o g i c a l a c t i v i t y f or PCP exh ib i t ed three d i s t inc t phase s , l a g ,ac t iv e , a n d p l a t e a u . S o i l s a m p l e s s u b j e c t e d t o t h e f u l l d u r a t i o n
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of b i odegrada t i on s t i l l had residual l evel s of contaminants, butthose contaminant s were nonde t e c t ab l e in TCLP extrac t s . T h i sindicate s that the remaining const i tute s , though present weresorbed to the soil matr ix in such a manner as to be u n a v a i l a b l e tob i od egrada t i on and d e s o r p t i o n by s tandard phys i ca l or chemicalprocesses in the TCLP l e a c h i n g procedure. T h u s b i o d e g r a d a t i o n wasc a p a b l e o f e l i m i n a t i n g the e x changeab l e or a v a i l a b l e f r a c t i o n o fcontaminants in the soil. ( S e e Arkwood , Inc. S i t e FS S t u d y , V o l .I I , A p p e n d i x C , T r e a t a b i l i t y S t u d y R e p o r t , March 3 0 , 1 9 9 0 . )
G . Conc lu s i on s f r o m t h e T r e a t a b i l i t v S t u d y

The T r e a t a b i l i t y S t u d y covered a wide range o f o p t i o n s f o r t h eA r k w o o d , I n c . s i t e , and a nunber of conc lu s ions were drawn f r o m ther e su l t s , i n c l u d i n g :
o The Arkwood, I n c . s i te so i l s contain a high percentage ofcobbles and grave l - s i z ed m a t e r i a l . S o i l wash ing does leadto some a t t r i t i o n of this coarse m a t e r i a l , p r o d u c i n g soilf i n e s . F o l l o w i n g w a s h i n g , a p p r o x i m a t e l y 66 percent o f t h eto tal soil mass remains as coarse soil and a p p r o x i m a t e l y34 percent remains as soil f i n e s , f i n e r than a p p r o x i m a t e l y12 mesh.
o I n g e n e r a l , t h e c onc en tra t i on o f P C P a n d p N A s increaseswith decreasing p a r t i c l e size.
o For the coarse soil f r a c t i o n , the e f f i c i e n c y of soil wash-ing a p p e a r s to improve as p a r t i c l e s ize increases. Thecoarse s o i l s could be washed to achieve the p r o p o s e d 300ppra PCP and any reasonable c l eanup level for the car-cinogenic PNAs. W a s h i n g th e medium and f i n e sand sizef r a c t i o n is not prac t i ca l due to the l i m i t e d volume of th i sm a t e r i a l . A d d i t i v e s such as s u r f a c t a n t s or changes in pHdid not improve the e f f i c i e n c y of soil wash ing.
o L e a c h i n g p r e v i o u s l y washed soil in a caus t ic s o l u t i o n athigh pH f u r t h e r reduces th© PGP l eve l s in the so i l .
o S l u r r y b i o l og i ca l treatment was e f f e c t i v e in reducing theconcantra t i on s of PCP and PNAs in the -12 mesh f r a c t i o n ofs i t e s o i l s . The concentrat ions of PCP and PN^s werereduced by a p p r o x i m a t e l y 85 and 80 p e r c e n t , r e sp e c t iv e ly .The batch labora t ory s t u d i e s required e x t ended treatmenttime*- to achieve complete bioremediation. The presence ofa lag phase i n d i c a t e s that the treatment t ime can bareduced by acc l imat ion.
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o In a s eparate phase wi thin the T r e a t a b i l i t y S t u d y ,s t a b i l i z a t i o n was tested as a po t en t ia l t e chnology for theuntreated A r k w o o d , I n c . s i t e s o i l s . S t a b i l i z a t i o n was note f f e c t i v e for the untreated s o i l s because it r e su l t ed inincreased PCP m o b i l i t y in the a f f e c t e d s o i l s . However , the.soil wash ing and b i o l o g i c a l s t ud i e s have shown that PCPwould not be a v a i l a b l e for m o b i l i z a t i o n a f t e r treatment hasoccurred. W h i l e i m m o b i l i z a t i o n o f the PNAs does occur withs tab i l i z ed s o i l , n e g l i g i b l e l eaching of PNAs occurred withuntreated so i l .
3. D e v e l o p i n g an Innovat '__ . .4.Technology. D e s i g n . t o t _ A y l c w o o d .I n c . S i t a

The p u r p o s e o f innovative t e c h n o l o g y i s to p r o v i d e a c o s t - e f f e c t i v eremedial s o l u t i o n for any given si te under the a p p r o p r i a t er egu la t ory c on s t ra in t s o f ensuring p r o t e c t i o n of human h e a l t h andthe environment. More a p p r o p r i a t e l y , innovative process des ign canbe used in which t r a d i t i o n a l and innovative t e c h n o l o g i e s arecombined in an optimum arrangement to addres s s i t e - s p e c i f i c condi-t ions. T h i s d e s i g n i s most e f f e c t i v e when c o n v e n t i o n a l , i n d u s t r i a lequipment can be used in the process c ircui t; i.e., when testedequipment is u t i l i z e d in a unique c o n f i g u r a t i o n to a c c o m p l i s h as p e c i f i c g o a l .
•*e various t r e a t a b i l i t y s t u d i e s showed some successes and some.ilures. N o t a b l y , th e t r e a t a b i l i t y s tud i e s sugges t ed tha t:

o S o i l washing was e f f e c t i v e in achieving a 300 ppm c l eanuplevel for PCP on the coarse soil f r a c t i o n (>12 m e s h ) , butnot on the f i n e soil f r a c t i o n .
o B i o l o g i c a l treatment was e f f e c t i v e in t r e a t i n g the mob i l eor a v a i l a b l e f r a c t i o n of PCP and PNAs in the -12 mesh soilf r a c t i o n . The re s idual PCP and PNAs were not l e a c h a b l e byT C L P . However , b i odegradat ion has not been shown to bee f f e c t i v e on c h l o r i n a t e d d i o x i n s or f u r a n s .
o s t a b i l i z a t i o n i s e f f e c t i v e in i m m o b i l i z i n g d i o x i n . How-ever, it was i n e f f e c t i v e in i m m o b i l i z i n g the PCP in theuntreat ed f i n e f r a c t i o n o f s i te s o i l s .

Based on the r e su l t s of the t r e a t a b i l i t y s t u d i e s , an innovatived e s i g n for the A r k w o o d , I n c . s i te would consist o f combining threet e c h n o l o g i e s :
o soil washing, tc clean and recover a coarse soil f r a c t i o nand thereby reduce the volume of soil that would requireaddi t i onal trea tment;
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o b i o r e m e d i a t i o n , to reduce the t o x i c i t y of the f i n e soilf r a c t i o n by degrading the b ioavai lab l e const i tuents ofconcern in that soil f r a c t i o n ; and
o s t a b i l i z a t i o n , to i m m o b i l i z e the c on s t i t u en t s of concernthat were either not a v a i l a b l e for b i od egrada t i on ( t i g h t l ybound PCP and PNAs) or not b iodegradabl e (diox in s andf u r a n i s ) .

a. S o i L
S o i l washing is an integral part of any bioremediation system. Ad e t a i l e d d i s c u s s i o n o f soil wash ing i s prov ided in S e c t i o n V,

b, B i o r e i f l e d i a t i o n
B i o l o g i c a l treatment is a generic term d e n o t i n g a number ofprocesses that use microorganisms ( p r i n c i p a l l y b a c t e r i a ) to d e g r a d eorganic c on taminant s f r o m p o l l u t e d environment s , i n c l u d i n g s o i l ,water, ground water, s l udge , etc. Microorganisms are p a r t i c u l a r l yu s e f u l for environmental c lean-up because they produce enzymes thatc a t a l y z e t h e d e g r a d a t i o n o f organic m o l e c u l e s . T h e microbes o f t e nuse the carbon, n i t r og en and energy f r o m the d e s t r u c t i o n ofo o l l u t a n t s f o r growth.

i€. o b j e c t i v e o f b i o l o g i c a l t r ea tment i s t o p r o v i d e the p r o p e r. i c r ob i o l og i ca l environment f o r natural b i o d e g r a d a t i o n proce s s e sco occur. T h i s u s u a l l y consists of a d d i n g inorganic nutr ient s( p r i n c i p a l l y nitrogen and p h o s p h o r u s ) and assuring the presence ofa p p r o p r i a t e l e v e l s of mois ture and oxygen. O c c a s i o n a l l y , it isb e n e f i c i a l to use labora tory-grown microbes w i th unusualb i o d e g r a d a t i v e c a p a b i l i t i e s . Bio l og i ca l treatment o f t e n r e su l t sin the c ompl e t e de s truct ion of p o l l u t a n t s to non-toxic mineral endp r o d u c t s . S i n c e the maintenance of microbes is not c o s t l y , theproce s s compares we l l e c o n o m i c a l l y wi th o ther treatment techniques .
Biological treatment has garnered strong EPA s u p p o r t , p r i m a r i l ythrough the Risk Reduction Engineering Laboratory in C i n c i n n a t i ,Ohio , t h e H i c r o b i a l E c o l o g y / B i o t e c h n o l o g y Labora t ory in G u l fBreeze, F l o r i d a , and the Groundwat er Research Labora t ory in A d a ,Oklahoma. Bioremedia t ion, both in land treatment and in situa p p l i c a t i o n s , is used ex t ens ive ly in the Unit ed S t a t e s today.B.ioTrol h a s c o m p l e t e d t w o S I T E d e m o n s t r a t i o n s o f b i o r e m e d i a t i o nt e c h n o l o g y , one using an aqueous b ioreac tor to treat groundwatercontaminated with PCP and PNAs, and a second u t i l i z i n g a s lurrybioreactor to treat soil f i n e s f r o m a soil washing demons trat ion.T h i s proven remedial t e chnology has also been recommended inseveral r e c e n t l y issued RODs i n c l u d i n g the K o p p e r s T e x a r k a n a , T e x a s
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s i t e , and the C a l v a c a d e site in H o u s t o n , T e x a s , both EPA Region 6s i t e s .
G . S t a b i l i z a t i o n

S t a b i l i z a t i o n is a treatment process that is designed to a c c o m p l i s hone or more of the f o l l o w i n g r e s u l t s :
o I m p r o v e the h a n d l i n g and phys ical characteri s t i c s of thewas t e , as in the s orp t i on of f r e e l iqu id s .
o Decrease the s u r f a c e area of the waste mass across whichthe t r a n s f e r or loss of contaminants can occur.
o Limi t the s o l u b i l i t y of any hazardous c o n s t i t u e n t s of thewaste such as by pH a d j u s t m e n t or s o rp t i on .
o Change the chemical f o r m of the hazardous cons t i tuent s torender them innocuous compounds or make them lessl eachable .

S t a b i l i z a t i o n achieves these r e su l t s by m i x i n g the contaminatedm a t e r i a l wi th water , various a d d i t i v e s and p o z z o l a n i c m a t e r i a l s orcement. T h i s proce s s produce s a m o n o l i t h i c block of treated wastewith h i g h s t ruc tura l i n t e g r i t y . S t a b i l i z a t i o n t e chniques l i m i t t h em o b i l i t y of the c o n t a m i n a n t s , whether or not the p h y s i c a l charac-t e r i s t i c s of the m a t e r i a l s are changed or improved . T h i s iss u a l l y a c c o m p l i s h e d t h r o u g h the a d d i t i o n o f m a t e r i a l s t o ensurelat the hazardou s c o n s t i t u e n t s , are m a i n t a i n e d in th e i r leas to b i l e or l ea s t t ox i c f o r m .
S t a b i l i z a t i o n proce s s e s have been used e x t e n s i v e l y in the U n i t e dS t a t e s t o treat s l udge s . SITE demons trat ions have been compl e t edb y both H A Z C O N ( D o u g l a s s v i l l e S u p e r f u n d s i t e , D o u g l a s s v i l l e , P A )and S o l i d i t e c h , Inc. ( I m p e r i a l Oil C o m p a n y / c h a m p i o n ChemicalC o m p a n y S u p s r f u n d s i t e , M o r g a n v i l l e , N J ) . S o l i d i f i c a t i o n w a s usedto remediate the P e p p e r S t e e l and A l l o y s S u p e r f u n d site (Pb andP C B s ) in F l o r i d a . In a recent Proposed P l a n o f A c t i o n , b i o l o g i c a ld e g r a d a t i o n f o l l o w e d by s o l i d i f i c a t i o n has been proposed as thepermanent trea tment o f choice f o r s o i l s c on taminat ed wi th P C P , P N A sand d iox ins at the T e x a r k a n a Wood Preserving Company S u p e r f u n d sitei n T e x a r k a n a , T X .

d. C o n c e p t u a l T r e a t m e n t Process
A c onc ep tua l tr ea tment proce s s f or th e A r k w o o d , Inc . s i t e s o i l swould inc lude soil wa sh ing , b i o l o g i c a l trea tment and s t a b i l i z a t i o nas i l l u s t r a t e ^ in F i g u r e 3. T h i s is in r e a l i t y a d o u b l e p r o t e c t i o np l a n . A f t e * t t d p l o y i n g soil washing to remove soil that does notrequire t r « ^ - j » a n t , the remaining soil would be. t r ea t ed b i o l o g i c a l l yto remove the acute hazard a s soc ia t ed with the r e a d i l y l ea chab l e
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consti tuents of concern in this material. The residual contam-inants of concern are bound very t i g h t l y to the soil marrix, sincethey are non-detec table by T C L P . T h i s b i o l o g i c a l l y treated ands t a b i l i z e d soil would then be s u b j e c t e d to s o l i d i f i c a t i o n toe l iainate any potent ia l chronic hazard that may result from there s idual c on taminant s of concern, i n c l u d i n g the d i o x i n s and f u r a n uthat are not amenable to b io log i ca l ox idat ion.
F I G U R E 3. C O N C E P T U A L PROCESS TO TREAT ARKWOOD S O I L

W A S H A N D S C R E E N S O I L
TO REMOVE C O A R S E ,

C L E A N F R A C T I O N

B I O D E G R A D E F I N E S O I L
FRACTION TO REMOVE
M O B I L E P C P & P N A S

S T A B I L I Z E T R E A T E D
S O I L T O I M M O B I L I Z E

D I O X I N S

f l o w s h e e t for such a treatment process for the A r k w o o d , I n c . site~s shown in F i g u r e 4. N o t e that t h i s f l o w s h e e t is cont inuous asoppo s ed to batch, and is des igned to treat all a f f e c t e d mater ia l son th e s i t e , i n c l u d i n g s l u d g e s . T h i s f l o w s h e e t f o l l o w s t h e con-ceptual ou t l ine in F i g u r e 3, and is based on the re sul t s of thet r e a t a b i l i t y s t u d i e s that have been c o m p l e t e d . Given th i sf l o w s h e e t , some a d d i t i o n a l o p t i m i z a t i o n s tudie s would be requiredat the bench l e v e l , to be t t er d e f i n e d e s i g n c r i t e r ia for thecircuit. F o l l o w i n g the bench-scale s tudi e s , a p i l o t circuit wouldbe a s s embled and o p e r a t e d to d e v e l o p the f i n a l d e s i g n cr i t er ia forthe commercial system.
The cr i t i cal f a c t o r in the p i l o t operation would be the determina-t ion o f th e a c c l i m a t i z e d , s t e a d y - s t a t e k ine t i c s o f b i o d e g r a d a c i o n .Resul t s f r om the bench s tudie s showed that the a p p r o p r i a t ei n d i g e n o u s o rgani sms e x i s t ed and that b i o d e g r a d a t i o n was f e a s i b l e .A l t h o u g h an es t imated rate was ca l cu la t ed in the F e a s i b i l i t yR e p o r t , the t r e a t a b i l i t y s tudie s did not beg in to d e v e l o p thea p p r o p r i a t e rate data for b i od egrada t i on , which can only be accom-p l i s h e d in a continuous system. Numerou s s t ud i e s have shown thatcontinuous b i o l og i ca l reactors, when operated under c on tro l l ed
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F I G U R E 4 : P R O P O S E D I I E A J H E I T P I O C E S S r c a T H E A I R O O D S I T E
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conc i t i on s , p e r f o r m far bet ter than would be e xpe c t ed f r o m batchs t ud i e s ( G u n t e r Brox, E I M C Q , per sonal c o m m u n i c a t i o n ) . T h i s f o r m sth e basis f or the d ev e l opmen t o f th e E I M C O B i o l i f t Reactor whichwe vould p r o p o s e us ing for the actual r emed ia t i on . Based on pastexper i ence , residence times on the order of a few days would beexpec t ed once s t eady-s ta t e c ond i t i on s are achieved. T h i s assump-t ion would be v e r i f i e d in p i l o t s t ud i e s prior to f i e l d remediat ion.
A treatment process f l o w s h e e t for the A r k w o o d , I n c . s i te i s shownin F i g u r e 5. The proces s equipment and recycle l o o p s have beend e f i n e d , and the p r e l i m i n a r y control s t ra t egy has been e s t a b l i s h e dT h i s i s a r e l a t i v e l y s i m p l e , f l e x i b l e process that would u t i l i s econventional water treatment and mineral p r o c e s s i n g equipmentT h e r e are no mechanical or l o g i s t i c a l issues that would preventth i s process f r o m e f f e c t i v e l y t r e a t i n g soil and s l u d g e s f r o m th eA r k w o o d , I n c . s i t e . T h e f i n a l p r o o f o f t h e e f f i c a c y o f such aproce s s would come f r o m a s u c c e s s f u l p i l o t t e s t i n g program.

4. C o n c l u s i o n s
The r e s u l t s f r o m a series o f t r e a t a b i l i t y s t u d i e s i n d i c a t e d thatsoil w a s h i n g , w i th in t h e e xp e c t ed g u i d e l i n e s f o r c l e a n u p o f P N A sand P C P , could reduce the volume of soil that would requirea d d i t i o n a l treatment by a p p r o x i m a t e l y 65 perc en t . The re s idual 35-ercent o f soil ( t h e f i n e soil f r a c t i o n ) could be t r ea t ed b io loa-^ a l l y , d e g r a d i n g 80-95 percent of the r emaining PCP and reducina*e l e v e l s o f i n d i c a t o r PNAs to a p p r o x i m a t e l y 40 p p m . The contam-nants that remained a f t e r b i o l o g i c a l p r o c e s s i n g were not d e t e c t edsy TCLP, i n d i c a t i n g that b i o d e g r a d a t i o n i s a l s o a s t a b i l i z a t i o nt e c h n o l o g y r e l a t i v e to the remaining c o n s t i t u e n t s o f concernS i n c e d i o x i n s and f u r a n s are not amenab l e to b i o l o g i c a l t r e a t m e n t 'the r e s i dua l soil could be s t a b i l i z e d f o l l o w i n g b i o l o g i c a l treat-ment to reduce m o b i l i t y o f al l remaining h a z a r d o u s c o n s t i t u e n t s .
Based on the r e s u l t s of these s tudie s . , an innovat ive remedia lproce s s could be d e s i g n e d which incorpora t e s soil wa sh ing biode-g r a d a t i o n , and s t a b i l i s a t i o n . The i n t e g r a t i o n o f these threet e c h n o l o g i e s r e s u l t s in a comprehens ive , e f f e c t i v e t r ea tment pro-cess that reduces vo lume, t o x i c i t y and m o b i l i t y o f a l l c o n s t i t u e n t sof concern at the A r k w o o d , I n c . s i t e . T h i s i n t e g r a t e d proces su t i l i z e s proven t e c h n o l o g y , e m p l o y s s tandard i n d u s t r i a l equipmentis p r o t e c t i v e of human h e a l t h and the environment, and minimizesthe impac t of r emed ia t i on on the local community.
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C . F e a s i b i l i t y S t u d y o f S o i l . W a s h i n g / I n . S i t u V i t r i f i c a t i o n
1. I n t r o d u c t i o n

T h i s section addre s s e s the f e a s i b i l i t y o f us ing a combination o fsoil washing (sieve-and-wash) and in situ v i t r i f i c a t i o n (ISV) toachieve de s ired treatment l e v e l s in a f f e c t e d s o i l s and s l u d g e s .T a k e n c o l l e c t i v e l y these two processes present an attractivea l t e r n a t i v e compared t o A l t e r n a t i v e H .
ISV is in situ electric m e l t i n g of contaminated s o l i d s at hight e m p e r a t u r e s , t y p i c a l l y in th e range o f 1600-2000* c e n t i g r a d e (c) .Four e l e c t rode s are p la c ed to the desired treatment d e p t h . Sincesoil is t y p i c a l l y not conduc t ive enough in its natural s ta t e toa l l o w process i n i t i a t i o n , a g r a p h i t e c o n t a i n i n g mixture i s p l a c e don the ground between the e lec trodes to p r o v i d e a starterc o n d u c t i n g p a t h . E l e c t r i c a l current heats the s tar t er p a t h and thea d j a c e n t soil t o t emperatures above 1 6 0 0 ' C .
J p o n m e l t i n g , soil becomes e l e c t r i c a l l y conduct ive; thus th e mol t en^ass becomes the primary conductor and heat t r a n s f e r medium a l l o w -ing the m e l t i n g proces s to cont inue downward and outward. The melt;ontinues downward at a rate of 1 to 2 inches per hour. The ISVrocess r e s u l t s in a volume reduc t ion ranging f r o m 20% to more then3%. The mel t ed mass cools r e s u l t i n g in a g l a s s m o n o l i t h s imi laro vo l can i c g l a s s .
Organics are destroyed by being broken down into their atomic con-s t i t u e n t s by th e intense heat ( p y r o l y s i s ) . V o l a t i l e c on taminant sdriven off as gases are c o l l e c t e d by a negative pressure vent hoodand routed through a treatment sys tem where they are c o o l e d ,scrubbed, f i l t e r e d and treated b e f o r e release. M e t a l s andn o n v o l a t i l e c o n s t i t u e n t s o f inorganics are incorporat ed into them e l t and become part of the g l a s s which is h i g h l y r e s i s t an t tol ea ch ing .
An ISV si te i s u s u a l l y broken up into a "checker board" grid fort r e a t m e n t . A t y p i c a l b lock in the p r o p o s e d trea tment grid wouldmeasure 25 f e e t by 15 f e e t by 15 f e e t d e e p .
F i g u r e 6 shows a s chematic of the p r o p o s e d c oncep t .
S e v e r a l t e s t s conducted b y G e o s a f e , I n c . , t h e vendor f o r th i sp a t e n t e d proc e s s , show that ISV is e f f e c t i v e in the removal of avariety of organic and inorganic const i tuents . T a b l e 4 providesa l i s t o f m a t e r i a l s which have beer, proces sed in ISV t e s t s . T a b l e5 shows t y p i c a l removal e f f i c i e n c i e s which can be expected forc o n s t i t u e n t s f o u n d on th i s s i t e .
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S U R F A C E GRADE R U N - O N P R E V E N T I O N ( e . g . , P L A S T t C S H E E T I N G )

12-20 F T .

R U N - O F F / A R O U N D P R O V I S I O N

P L A S T I C L I N E R
A F F E C T E D M A T E R I A L( W / L O W F L U X I N G )

T R A S H ( W I T H I N L I M I T S )

U N A F F E C T E D b f T E S O U

25-30 F T . ( O R M U L T I P L E )

O T H E R F E A T U R E S :
' ) T R E A T M E N T T R E N C H T O B E PLACED W C L E A N SOtL, ABOVE GROUND W A T E R . A T C O N V E N t E N T L O C A T I O N .

2 ) L A R G E R ROCK ( > 1 2 M E S H ) REMOVED PRIOR T O S T A G I N G B Y S I E V E - A N D - W A S H PROCESS
3 ) S M A L L riUX A D D I T I O N W I L L " F O C U S " M E L T I N G .
4 ) 50-40% V O L U M E R E D U C T I O N f X P E C T t ? .
5) T Q P S O t L OR TRENCH SPOH BACKFILL (NO CAP NEEDED).

SOURCE; GEOSAFE CQRif>ORATfON

KEW ORLEANS.

D A T E 0 9 / U / 9 0 W.O.NO. 92 t4A002lSO

F I G U R E 6
I S V S T A G E D I N S » T U A P P L I C A T I O N

C O N C E P T F O R T H E A R K W Q Q D I N C . S I T E
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T A B L E 4
W a s t e M a t e r i a l s T h a t H a v e BeenProcessed i n I S V T e s t s

Hg_avy M e t a l s Liqu id Orqanics S o l i d
LeadN i c k e lCadmiumA r s e n i cBarium*incarcurys p p e riuminumron

F C B sDiox inT r i c h l o r e t h y l e n eCarbonT e t r a c h l o r i d eDich lorob enzeneBenzeneM e t h y l e n eC h l o r i d eT o l u e n eE t h y l e n e G l y c o lM e t h y l e thylketone

W o o dBuna RubberPVCP o l y e t h y l e n eN e o p r e n eI o n ExchangeResinT e f l o nPaperC o t t o n
P o l y p r o p y l e n eD O T , ODD, DDE

Radioac t ive— M a t e r i a l s
P l u t o n i u mAraeraciumRadiumUraniumRadonCesiumRutheniumC o b a l tS t r o n t i u m
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i MM i :>
Typica l O r q a n i r t * e s t r u c t t o n / R e m o v a l ( f f I <: f a n c i e s

C o f H a m i n a n l C o n c e n t r a I ( o n

( > e * t t c l d e s
4.4 ' DOO. D D E . DO!A f d r i nc n l o r d a n eD i e l d r i nH e p t a c h t o r

V o t a t i l e s
f u e l Oi IME ItT o l u e n eT r i c h t o r o e t h a n eX y t e n e s

S e m i v o U t i l e s
Pen t a c h I or op he riot

M o n v o l a t i t e s
C f v c o lP C B s[ H o i O nF u r a n s

21-240,0001 1 35 3 S . O O O24.00061

230- 11.0OO6.000 m203.000106,0003.533.000

>4.000.000

6 000 (319.400,000>47.000>9.400
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N O I f
( i ) T h i s i s t h e p o r c e n t r emoved , f r o m m e o f f - g a s , o f I h e amount r e m a i n i n ga f t e r t h e p e r c e n t d e s t r o y e d : t h u s t h e p e r c e n t a g e s a r e a d d i t i v e f o r t o t a l O R EJ 2 J 9 S % M E K i n c o n t a i n e r , y i e l d i n g 6.000 ppn> i n l a y e r o f c o n t a i n e r t h i c k n e s s .( 3 * 5 0 % e t h y l e n e g l y c o l ( n c o n t a i n e r , y l e f d l n g a.OOO oocn i n l a y e r o f c o n t a i n e rf h f ftf nci c et h i c k n e s s

T o t a lO R E ( % )
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2 . A p p l i c a b i l i t y o f I S V t o t h e Arkvood, . I n c . S i t e
The f i r s t s t e p in thi s a l t e r n a t i v e is soil s t a g i n g by the sieve-and-wash process (see Sect ion V) . T h i s process s u c c e s s f u l l ys e p a r a t e s the coarse p o r t i o n o f the residuum f r o m the a f f e c t e d f i n em a t e r i a l s . A s lurry c on ta in ing thi s f i n e material i s then dewater-ed and the f i l t r a t e returned to the washing process. The f i l t e rcake con ta in ing the concentrated c on s t i tu en t s of concern ( a p p r o x -i m a t e l y 7,000 cy) is then t r a n s p o r t e d to a trench and treated byin situ v i t r i f i c a t i o n . B e n e f i t s o f p r e c ed ing ISV with aoil washingare given in T a b l e 6 . ( S o i l washing i s d i s cu s s ed in S e c t i o n V.)
F o l l o w i n g the soil wa sh ing proc e s s , a f f e c t e d material would b ep l a c e d in a p l a s t i c l in ed trench l o ca t ed in an area which e xh i b i t svery low po t en t ia l for f o rmat i on of a s inkhole. Since excessivewater i s a de t errent to s u c c e s s f u l c o m p l e t i o n o f an ISV p r o j e c t ,necessary measures w i l l be taken to p r e c l u d e water f r o m en t er ing-he treatment area. T h i s w i l l a l l e v i a t e cc. . jams about the karate o l o g y causing p r o b l e m s d u r i n g proce s s ing.

.PA has expre s s ed a concern r e g a r d i n g s i n k h o l e d e v e l o p m e n t on thi ss i t e . I S V would p r o v i d e a n e f f e c t i v e means o f e l i m i n a t i n g thatssue because the res idual mono l i th r e s u l t i n g f r o m th i s processill be nonhazardou s and s t r u c t u r a l l y sound.
•on a s t ruc tura l s t a n d p o i n t , a f t e r the m a t e r i a l has been v i t r i -l ed, the r e s u l t i n g m o n o l i t h has a t e n s i l e and coropre s s ive s t r e n g t h- y p i c a l l y about ten times that of unre inforced concrete. T h i sr e s u l t s in a s t ru c tura l e lement which has the a b i l i t y to span a.arge s inkho l e in the u n l i k e l y event one should d e v e l o p beneaththe treated area. A d d i t i o n a l l y , a f t e r c oo l ing , the ISV residualf o r m s a s tructure p h y s i c a l l y and c h e m i c a l l y s i m i l a r to o b s id ian .T h i s mass is so re s i s t ive to wea ther ing it is e x p e c t e d to w i th s tande x p o s u r e f o r g e o l o g i c time p e r i o d s o f t h o u s a n d s t o m i l l i o n s o fyears. If p h y s i c a l damage t o the m o n o l i t h d id re sul t in thep r o d u c t i o n of f i n e p a r t i c l e s izes, the ISV res idual has been shownto pass EP t o x i c i t y and TCLP t e s t i n g cr i t er ia .

One o f the more a t t r a c t i v e f e a t u r e s o f ISV i s the f a c t that al la f f e c t e d m a t e r i a l s would be treated on-site. Excavation o fa f f e c t e d mater ia l s i s required for incineration or ISV proce s s ing;however, I S V o f f e r s t h e p o t e n t i a l f o r t r e a t i n g some m a t e r i a l s ,namely that in the r a i l r o a d d i t c h , in p l a c e wi thout requir ing anyexcavation. A d d i t i o n a l l y , mater ia l s generated as a by-product ofthe c l e a n u p such as spent carbon, s a f e t y e q u i p m e n t , and so f o r t hcan be added to the trench where the a f f e c t e d soil is to be
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T A B L E 6
B e n e f i t s of >12 Mesh F r a c t i o n Removal

1) A v o i d a n c e o f m e l t i n g large amount of uncontaminatedm a t e r i a l
2 ) Avoidance o f need f o r increased l e v e l s o f f l u x a n t a d d i t i o n
3) A v o i d a n c e of p o s s i b l e i n t e r f e r e n c e by chert rock in meltdynamics
4 ) Shorter I S V processing time
5 ) Lower I S V costs
6 ) G r e a t e r p u b l i c acc ep tance
7 ) I m p r o v e d s a t i s f a c t i o n o f S A R A m a n d a t e
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treated. Except for those material s associated with the last m e l t ,all these items w i l l e i ther be consumed in the heat of the m e l t i n gsoil or w i l l be e n c a p s u l a t e d in s ide the m o n o l i t h . The remainingsmall quantity of carbon can then be disposed of o f f - s i t e .
W i t h in c in era t i on , an ash w i l l be generated which must be back-f i l l e d and covered with a t op so i l cap. Conversely, the ISV processdoes not generate any a d d i t i o n a l m a t e r i a l s . Once the soil m e l t i n gperiod is c o m p l e t e and the mass is c o o l e d , the process is f i n i s h e dand no f u r t h e r maintenance is required.
Another advantage to the use of ISV is that once the process isunderway, treatment o f the mater ia l i s quite r a p i d . A f t e r thei n i t i a l mel t is begun on the s u r f a c e , the heated mat er ia l beginsto move downward through the a f f e c t e d material proces s ing it at arate of a p p r o x i m a t e l y 1 to 2 inches per hour. At the p l a n n e dtrench d e p t h of 15 f t , t h i s would result in a p r o c e s s i n g time of7 to 15 days for each zone of material . T o t a l proce s s ing timewould be on the order of 6 months to 1 year a f t e r s t a r t u p . Bycontras t , treatment by on-site inc inerat ion would take as l ong as2 years to c ompl e t e .
Concern Hay be expressed that ISV is an innovative t e c h n o l o g y .W h i l e the process is c e r t a i n l y innovat ive , it is not unproven. Asfor b e ing innovat ive , SARA charges EPA to f a v o r such t e c h n o l o g i e s .ISV meets th e criteria for innovative t e chno log i e s l i s t e d in CEHCLAg u i d a n c e , i n c l u d i n g :

o Better treatment i m p L e m e _ n t a b i l i t y . There would be lessmovement of equipment to the s i t e and le s s i n s t a l l a t i o n /construct ion required. T h i s i s r e f l e c t e d in them o b i l i z a t i o n costs for ISV, which are less than h a l f thosef o r inc inerat ion.
o £ewer p o t e n t i a l l y adverse i m p a c t s . T i g h t e r control on airemissions is a t t a i n e d with the ISV emis s ions hood than isat tained with standard incinerator air p o l l u t i o n controldevicas ( A P C D ) .
o Lower costs for s imilar l eve l s of per formance . Estimatedt o ta l p r o j e c t costs f o r I S V a r e two- th i rd s o f those f o rE P A ' s p r e f e r r e d s o i l s remedy, with equal d e s t r u c t i o n a n dremoval e f f i c i e n c i e s ( O R E ) achieved. The main reasons fort h i s are the h igher m o b i l i z a t i o n , cons truc t ion andd e c o n t a m i n a t i o n / d e m o b i l i z a t i o n costs associated withincin«ration because of the t y p e and amount of equipmentrequired ( i . e . , k i l n or primary thermal chamber, secondarychamber f or combustion o f o f f - g a s e s , treated o f f - g a ss t a c k ) .
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3. Advantage s , of ISV
T h e I S V process h a s numerous advantage s over A l t e r n a t i v e H . T h e s ein c lude:

o Lower cost
o H i g h e r site-wide organic ORE through recycling of capturedo f f - g a s contaminants

Lesser p o t e n t i a l f o r f o r m a t i o n o f d i o x i n s / f u r a n s througho x i d a t i o n of PCP
S i g n i f i c a n t ( 2 5 - 4 0 % ) res idual produc t volume reduct ion( n . b . , inc inerat ion of c l a y can resul t in volume increase)
U n e q u a l l e d residua.1 p roduc t f r o m s t r u c t u r a l , l o n g e v i t y ,l e a c h i n g , and b i o t o x i c i t y v i e w p o i n t s
S i g n i f i c a n t l y b e t t e r o f f - g a s t r ea tment s a f e t y( a p p r o x i m a t e l y 1/7 the o f f - g a s volume to be cleaned up)
S i g n i f i c a n t l y b e t t e r energy c o n s u m p t i o n ( 1 / 2 t o 1 / 3 t h ethermal equivalent of inc inera t i on)
Greater overall s a f e t y
Grea t e r community ac c ep tance e x p e c t e d

o
o
o
o

4- IS.V. Precedents
S e l e c t i o n o f ISV as the p r e f e r r e d a l t e r n a t i v e i s not wi thout pre-cedent. At thi s time, ISV is currently being considered for useat several S u p e r f u n d and RCRA Corrective Act i on sites. In f a c t ,EPA has s e l e c t ed the process for r e m e d i a t i o n of one S u p e r f u n dRemoval Program s i t e and two Remedia l Program S i t e s . T r e a t m e n trequirements at these sites represent a variety of const i tuentsi n c l u d i n g P C P , d i o x i n , p e s t i c i d e s -h erb i c i d e s , P C B ' s , lead a n d s of o r t h . At one o f these s i t e s , crystal C h e m i c a l C o m p a n y in H o u s t o n ,I S V emerged a s E P A ' s p r e f e r r e d remedy t o treat waste c o n t a i n i n garsenic and low l eval s of organics. EPA is in the f i n a l deci s ionprocess on the Crys ta l Chemical site.
S i t e s where ISV i s the chosen or p r e f e r r e d remedy i n c l u d e :
1 . Parsons C h e m i c a l / E T M E n t e r p r i s e s S u p e r f u n d S i t eGrand L e d g a , M i c h i g a nRegion V S u p e r f u n d Removal P r o g r a m / E P A LeadEPA F u n d e dNo H O D , but removal program equivalentP e s t i c i d e s / D i o x i n / M e r c u r y2-4,000 TonsEPA e x p e c t s to issue contract by 9 / 3 0 / 9 0
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N o r t h w e s t T r a n s f o r m e r S u p e r f u n d S i t eEverson, W a s h i n g t o nRegion X S u p e r f u n d Remedial P r o g r a m / E P A LeadPRP F u n d e dROD, Cont ingen t upon s u c c e s s f u l T - T e s t i n gT r e a t a b i l i t y test c o m p l e t e , a w a i t i n g a n a l y t i c a l r e s u l t sPCBs only
1,500-2,500 T o n sConsent order requires r a p i d s chedul e a f t e r s u c c e s s f u l T-T e s t i n g
I o n i a C i t y L a n d f i l l S u p e r f u n - i S i t eI o n i a , M i c h i g a nRegion V S u p e r f u n d Remedial p r o g r a m / E P A LeadPRP F u n d e dROD, C o n t i n g e n t upon s u c c e s s f u l T - T e s t i n gM i x t u r e o r g a n i c s / i n o r g a n i c s , some r u b b l e / d e b r i s6,000 T o n sPRP work p l a n n i n g now in progre s s
C R A B Orchard W i l d l i f e R e f u g e S u p e r f u n d S i t eC a r b o n d a l e , I l l i n o i sRegion V S u p e r f u n d R e m e d i a l P r o g r a m / E P A LeadPRP F u n d e dROD, Cont ingent upon s u c c e s s f u l T - T e s t i n gP C B s / L e a d40,000 T o n sPRPs p u r s u i n g T - T e s t p l a n n i n g
T r a n s f o r m e r S e r v i c e F a c i l i t y S u p e r f u n d S i t eS p o k a n e , W a s h i n g t o nRegion x S u p e r f u n d Remedial P r o g r a m / S t a t e LeadPRP F u n d e dConsent Decree Between s ta te and PRPPCBs o n l y ( t o 10,000 P P M )2 , 7 0 0 T o n sF i n a l contract n e g o t i a t i o n s underwayT h i s w i l l b e d e m o n s t r a t i o n f o r N a t i o n a l T S C A Permit
S h a t t u c k Chemical S u p e r f u n d S i t e (One o f Denver Radium S i t e s )Denver, C o l o r a d oRegion V I n S u p e r f u n d Remedial P r o g r a m / S t a t e l eadE P A F u n d e dS p e c i a l L a r g e - s c a l e d e m o n s t r a t i o n p r o j e c t f o r E P A / H QR a d i u m / R a d o n / O r g a n i c s900 T o n s
A w a i t i n g review o f T - T e s t i n g Report which was j u s t issued.
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7 . H - l H o l d i n g Ponds S i t eRocky M o u n t a i n A r s e n a l / C o m m e r c e C i t y , C o l o r a d oDOD IRM S i t e / C o r p s o f Engine er s managedDOD FundedDOD Equivalent of RODA r s e n i c / M e r c u r y / V a r i o u s P e s t i c i d e s - H e r b i c i d e s15,000 T o n s30% Remedial Design j u s t c o m p l e t e d
8. S i t e 10A r n o l d A i r F o r c e Base, T e n n e s s e eRegion IV RCRA Corrective Action S i t eD O D I R M S i t e / H a z w r a p M a n a g e dDOD F u n d e dDOD Equivalent of RODM i x t u r e o r g a n i c s / i n o r g a n i c s ( O l d F i r e T r a i n i n g P i t )8,000 TonsA p p r o v e d through sy s t ems command ( T o p L e v e l ) ; A w a i t i n g F u n d s
9 . Crys ta l Chemical S u p e r f u n d s i teH o u s t o n , T e x a sRegion V I S u p e r f u n d Remedial ProgramPRP F u n d e dI S V P r e f e r r e d R e m e d y / R O D e x p e c t e d t o issue b y 9 / 3 0 / 9 0A r s e n i c / L o w l eve l s o f organics17,000 T o n s

P R P r e s i s t i n g E P A ' s s e l e c t i o n a s p r e f e r r e d remedy; E P A i nf i n a l d e c i s i o n proc e s s now.
10. Anderson Development S u p e r f u n d S i t eA d r i a n , M i c h i g a nRegion V S u p e r f u n d Remedial ProgramEPA F u n d e dI S V P r e f e r r e d R e m e d y / R O D e x p e c t e d t o issue b y 9 / 3 0 / 9 0P C B s / M e t a l s4,000 T o n sP R P V i g o r o u s l y r e s i s t i n g E P A ' s s e l e c t i o n a s p r e f e r r e d remedy;EPA in f i n a l decision process now,
1 1 . W a s a t c h Chemical S u p e r f u n d S i t eS a l t Lake c i t y , U t a hRegion V I I I , S u p e r f u n d Remedial ProgramPRP FundedA p p r o v e d F S Recommends I S VP C P / D i o x i n8,000 T o n sP R P / E P A / S t a t e have consensus on ISV as p r e f e r r e d remedy;p r e p a r a t i o n s f or p u b l i c hearing underway.
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5. I m p l - e m e n t a b i l i t v o_£ isy
The ISV vendor, G e o s a f e , I n c . , has the personnel and mobile treat-ment equipment a v a i l a b l e to implement the ISV treatment proce s s ,and has indicated that the process is t e chn i ca l ly a p p l i c a b l e toa f f e c t e d s o i l s and s l u d g e s at the A r k w o o d , I n c . site.
R e g a r d i n g a v a i l a b i l i t y o f services, G e o s a f e acquired one ISVmachine op era t i ona l during 1989. A d d i t i o n a l machines w i l l beprocured as the expected market for ISV materializes . G e o s a f e isable to procure a d d i t i o n a l machines wi th in f o u r to s ix months ,which is s i g n i f i c a n t l y less than the time t y p i c a l l y required top e r f o r m t r e a t a b i l i t y t e s t i n g , p e r m i t t i n g / c o m p l i a n c e , a n d remediald e s i g n e f f o r t s pr ior t o on-site op era t i on . G e o s a f e i s w i l l i n g t ocons ider purchase o f new machines f or s p e c i f i c p r o j e c t s i f t h ec l i e n t has a s ch edu l e need that cannot otherwise be met by e x i s t i n gequipment:. G e o s a f e w i l l make schedule commitments for i t s machinesgiven a c o r r e s p o n d i n g commitment by the c l i e n t .
G e o s a f e does n o t a n t i c i p a t e d i f f i c u l t y acquiring a n d m a i n t a i n i n gf i e l d o p e r a t i o n s crews f o r i t s I S V systems. G e o s a f e conducts i t sown s p e c i a l i z e d ISV t r a i n i n g program at it s t r a i n i n g center inR i c h l a n d , W a s h i n g t o n .
Because G e o s a f e h o l d s w o r l d w i d e e x c lu s ive r i g h t s t o t h e I S Vt e c h n o l o g y in the f i e l d of hazardous waste r emed ia t i on , it is notp o s s i b l e f o r a c l i en t t o obtain c o m p e t i t i v e b id s f o r t h e I S Vp o r t i o n of a p r o j e c t . H o w e v e r , c o m p e t i t i v e b i d d i n g i s p o s s i b l e onthe r e l a t e d s i t e p r e p a r a t i o n and general contractor s u p p o r t work.

6. Comparison of soil W a s h i n a / I S V _ to. A l t e r n a t i v e H
ISV a p p e a r s to be a cost e f f e c t i v e remedy when compared toA l t e r n a t i v e H , on-site inc inerat ion. T h e main reasons f o r th i sare:

o The shorter pro c e s s ing p e r i o d reduces o p e r a t i n g costs.
o S p e c i a l i z e d equipment required f or ISV i s t r a i l e r mountedand can be quickly and ea s i ly moved onto the site.
o Energy c on sumpt i on is lower than required for incineration.

Moreover , the ISV process a p p e a r s t o have the p o t e n t i a l f or be t t eracceptance by the community. Even though the process has hadl i m i t e d commercial a p p l i c a t i o n to d a t e , there has been s i g n i f i c a n tmedia inquiry and report ing on it, and it has been receivedp o s i t i v e l y a number of t imes in various p u b l i c hearings .
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ISV has several advantages that re la te to community a c c ep tanc e ,i n c l u d i n g :
o the unequalled qua l i ty of its residual produc t ,
o a non-threatening appear ing (and sounding) on-site equip-ment sys tem,
o the absence of any pr ior adverse record of m i s a p p l i c a t i o nor f a i l u r e to p e r f o r m , and
o a very c r ed i b l e s c i e n t i f i c basis and s tate of d e v e l o p m e n tby the U . S . DOE and B a t t e l l e Memorial I n s t i t u t e .

T h e r e i s a p u b l i c f a m i l i a r i t y wi th g l a s s and natural o b s i d i a n , anda recognition that they are e s s e n t i a l l y not degraded by theenvironment; th i s p u b l i c p e r c e p t i o n t og e th er wi th t e chnical dataon the ISV residual product s u p p o r t s the p u b l i c recognition thatc on taminan t s are p e r m a n e n t l y and h a r m l e s s l y bound in the ISVre s idual p r o d u c t .
A d d i t i o n a l l y , i t i s noted that nei ther ISV nor G e o s a f e has anynegative p er f ormance record that can adversely a f f e c t communityacceptance . I n c i n e r a t i o n h a s p u b l i c image d i f f i c u l t i e s ( e . g . , asmoke-stack i m a g e ) .
The ex t ens ive d e v e l o p m e n t program l e a d i n g t o th e c o m m e r c i a l i z a t i o nof ISV t e chno logy, and the exce l l ent technical reputat ion of thed e v e l o p i n g o r g a n i z a t i o n s ( e . g . , U . S . DOE, B a t t e l l e ) , a l s o p r o v i d ea s i g n i f i c a n t degree o f c r e d i b i l i t y t o th e t e c h n o l o g y ' s a c c ep tance .The t e c h n o l o g y has undergone s i g n i f i c a n t l y more d e v e l o p m e n t andtest work than most other new t e c h n o l o g i e s being in troduced to theimpend ing remediation marketplace.
T a b l e 7 provides a comparison of ISV and incineration.
F o r comparison wi th A l t e r n a t i v e H , a sieve a n d w a s h / i n s i tuv i t r i f i c a t i o n a l t ernat ive has been written in the FS Report formatand i s i n c l u d e d a s A p p e n d i x F.

7. Secent I m p r o v e m e n t s to isv
A l t h o u g h ISV was cons idered at the time of pre- s creening ofa l t e r n a t i v e s a p p r o x i m a t e l y two years ago, it was d i s carded as ap o t e n t i a l remedial t e chnology because of perceived technicald i f f i c u l t i e s and because it was not viewed as a c ommerc ia l lyava i lab l e technology at that time. However, in the intervening twoyears, s i g n i f i c a n t d e v e l o p m e n t a l a c t i v i t i e s in the area o f ISVt e c h n o l o g y have been carried out, and i n i t i a l p r o b l a r p s have been
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TABLE 7
Compar i s on of ISV to incineration

Remediation. Criteria
1. Permanence/esti-mated l i f e o fremediation
2. Reduction oft o x i c i t y

3. Reduc t ion ofm o b i l i t y

4. Reduc t i on ofc o n t a m i n a t e dvolume
5. P e r f o r m a n c e on-site
6. Per formance ins i tu
7. R e d u c t i o n ofl o n g - t e r ml i a b i l i t y
8. Cost e f f e c t i v e -ness
9. Other operat ionsrequired

I S V

1 0 . S a f e t y

Geologic time period

Organics destroyedbeyond EPA DRErequirements
I n o r g a n i c s perma-nently "immobilized"in re s idual
25%-30% reduc t ionminimum for mosts o i l s
Yes - m o b i l e , on-site
Y e s , with or withouts t a g i n g
M a x i m u m p o s s i b l eb e n e f i t

Equal or lower cost

E x c a v a t i o n a n ds tag ing of sand/f i n e s required

1 1 . C o m m u n i t yacceptance

Lowest p o s s i b l eo c cupa t i ona l expo-sure, zero transportrisk, inherent insitu s a f e t y b e n e f i t s
Very good

I n c i n e r a t i o n
Permanent for organ-ics, not a p p l i c a b l eto inorganics
Organics destroyedbeyond DRE require-ments
Hone f or inorganics

V e r y s m a l l , to ex-tent of organicvolume ( e . g . , 1-5%)
Y e s , mobi l e , on-site

No, no t p o s s i b l e

Good f o r organi c s ,no t a p p l i c a b l e f o rinorganic s
Equal or higher cost

E x c a v a t i o n , pre-treatment, treatmentof l a rg e volumes o fcombustion gases,complex interrelatedcomponents , highp r o b a b i l i t y o f f r e -quent downt ime
H i g h e r occupat ionalexposure ri sk, zerotranspor t risk

Poor image
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s o lved . The erosion o f e l e c t r od e s which s i g n i f i c a n t l y l i m i t e d thed e p t h of p o t e n t i a l m e l t s has been solved with the deve lopment ofe l e c t rode s that move down as the melt progre s s e s . O f f - g a streatment systems have been improved as have the e f f i c i e n c y andsize of the hood used to cover the mel t . Numerous laboratory,engineer ing and p i l o t scale me l t s have been carried out. There su l t s of these t e s t s prove ISV to be a v iab l e t e c h n o l o g y forhazardous material de s t ruc t i on and i m m o b i l i z a t i o n . A l s o , in thein t er im, the t e chno logy was commercial ized. B a t e l l e has advancedthe comaercial c r e d i b i l i t y of the rroceas so that ISV is now aviable remedial o p t i o n being s e l e c t e d , or proposed for s e l e c t i on ,at numerous s i te s (see S e c t i o n 4, above) .

•48-
u&o

thunter
008749



S E C T I O N 7

thunter
008750



V I I . E V A L U A T I O H O F E P A ' S C A N C E R R I S K . A S S E S S M E N T F O R T H E
I N C . S I T E

Dr. Jon Rauscher, T o x i c o l o g i s t for the Texa s Remedy Sec t i on , SPAReg ion 6 authored the memorandum en t i t l ed , " U p p e r Bound ExcessL i f e t i m e Cancer Risk and Remediation G o a l s for the Arkwood Super-f u n d S i t e , " J u l y 6 , 1990. The memorandum consiate o f c a l c u l a t i o n sof carcinogenic risk associated with exposure to dibanzodioxina.A l t h o u g h the memorandum e m p l o y s some of the exposure parametersused in the August 30, 1989 "Endangarmant Aaaeaament, Arkwood, Inc.S i t e , " the u n d e r l y i n g m e t h o d o l o g y is not consi s tent with the riskassessment document that was approved as f i n a l by the EPA Region6.
T h e r e are three categorie s wi th in the Rauacher memorandum that ERM-Southwe s t cons ider s i n a p p r o p r i a t e :

1. the der ivat ion of d i o x i n concentra t ions;
2. the procedure for assessing total risk; and
3. the target level for carcinogenic r i s k ,

A . Derivat ion o f Diox^n C o n c e n t r a t i o n s
The d i o x i n c onc en tra t i on s e m p l o y e d in the Rauschor memorandum arep r e s u m a b l y the u p p e r 95 percent c o n f i d e n c e l i m i t o f the a r i t h m e t i cmean. The ari thmet ic mean is not the m a t h e m a t i c a l l y proper valueto use for this da ta base in that it r e su l t s in an overly conserva-tive value. Aa was demonstrated in the Arkwood EndangeraentA s s e s s m e n t ( S e c t i o n 4 . 3 , "Es t imat i on o f C o n c e n t r a t i o n o f I n d i c a t o rChemical s at Points of E x p o s u r e " ) , the Arkwood, I n c . *ite con-c en tra t i on s are l o g - n o r m a l l y d i s t r i b u t e d , not n o r m a l l y d i s t r i b u t e d .The most a p p r o p r i a t e measure of the average value for a normald i s t r i b u t i o n is the ar i thme t i c mean, but for a log-normal dis-tr ibu t i on , the correct value for the average is the geometric mean( R . O . G i l b e r t , S t a t i s t i c a l M e t h o d s f o r Environmental P o l l u t i o nM o n i t o r i n g . Van Nostrand R a i n h o l d , 1987, ch. 12 and 13) . Thegeometr i c mean has been employed by EPA Region 6, e .g . , at theChrome I and XI S i t e s in Odessa, Texa s . There are substantiald i f f e r e n c e s between the u p p e r 95 c o n f i d e n c e l i m i t , a r i t hme t i c mean,and geometric aean for a given data baae, T h o s e d i f f e r e n c e s canhave a s i g n i f i c a n t impact on the accuracy of risk assessment. Fore x a m p l e , for the d i o x i n data at the Arkwood, I n c . s i t e , we observet h e f o l l o w i n g values:
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Geometr i c
RC Grid
TC <5rid
B urid

1.8
1,5
1.5

36.5
6.2

12.4

U p p e r 95 PercentC o n f i d e n c e Limitof, A r i t h m e t i c Mean
62
10
18

T h e s e d a t a are c a l c u l a t e d u s i n g the revised T o x i c i t y Equival entF a c t o r s o f 1989 to e s t imate 2 , 3 , 7 , 8 - TCDD equivalent s . The dataindicate the subs tantial d i f f e r e n c e s among these various values.The lowes t of these ie the g c t ome tr i c mean, yet it is the mostm a t h e m a t i c a l l y correct procedure f o r d e t e r m i n i n g r e p r e s e n t a t i v econcentrat ions for an environmental data base. T h e r e f o r e , to usethe other values in dioxin risk assessment is not only mathe-m a t i c a l l y improper but l eads to an overestimate of exposure andrisk by up to an order of m a g n i t u d e .
B. Procedure for A s s e s s i n g T o t a l Riak

The Rauscher memorandum c a l c u l a t e s t o ta l cancer risk by s i m p l esummation of the chemical intake of each age g r o u p , and then byc a l c u l a t i n g the risk f r o m that s i n g l e value. T h i s same method wasu t i l i z e d in the original d r a f t of the Arkwood EndangermentA s s e s s m e n t , but Region 6 s tated that the method was i n a p p r o p r i a t eand required the u s e o f t ime-we igh t ed-averag ing (TWA) for eachexposed age g r o u p (EPA Comments on Arkwood Endangerment Asse s smentf rom Garret Bondy t o R . H . F u l l e r , ERM-Southwea t , I n c . , J u l y 2 8 ,1989). T h i s revision was incorporated into subsequent d r a f t s ofthe document. A l t h o u g h there i s no s i g n i f i c a n t d i f f e r e n c e betweens i m p l e summation a n d T W A ( w i t h T W A p r o v i d i n g a s l i g h t l y lowere s t i m a t e ) , the TWA method should be considered the pr e f e r r edmethod. Furthermore, the memorandum demonstrates an inconsistencyin a p p r o a c h to asses s ing risk at the A r k w o o d , I n c . s i t e by EPARegion 6.
C. Targe t f l a r e j . n o g e n i c Risk Level

The Rauschar memorandum sugges t s in i t s mathematical f o r m u l a forc a l c u l a t i n g PAH remediat ion goal s ( p a g e 4), but does not ov er t lystate in the t e x t , that a target cancer risk of 10* is thereae cHat ion goal for the Arkwood, Inc. site. T h i s i s inconsistentwi th the f u t u r e indu s t r ia l land use p a t t e r n p r o p o s e d for the site.A risk level of 10"* can be a p p r o p r i a t e for a r e s i d en t ia l area, butthis land use pat tern is not expected to be a p p l i c a b l e to the
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A r k w o o d , I n c . site. For an indu s t r ia l area, a risk level of 10"5 oreven ID* 4 can be a p p l i e d with adequate pro t e c t i on of human h e a l t hand the environment. For e x a m p l e , at the Geneva I n d u s t r i e s sitein H o u s t o n , T e x a s , a PCB c l ean-up level of 100 ppm was recommendedby the Record of Decision ( S e p t e m b e r 1 9 8 6 ) ; thi s level correspondedto a 10J cancer risk level as determined by the risk assessment fort h f t s i te ( X T C o r p . , November 1 9 8 5 ) .
W h i l e not adop t ed in the Proposed P l a n , the f o r m u l a in the Rauschermemorandum for the c a l c u l a t i o n of a PNA c l ean-up level at theArkvood , I n c . s i te u t i l i z e d a total exposure t ime of 30 years.T h i a is in contrast to a per iod of 10 years s ta t ed by Region 6 tob e a p p l i c a b l e f o r i n d u s t r i a l s e t t i n g s (Ruth I z r a e l i a n d J o nRauschar, per sonal communicat ion, A p r i l 2 3 , 1 9 9 0 ) .

D.
It can be concluded that the EPA risk assessment does not e m p l o y•ethodology con s i s t en t wi th the o r i g i n a l , approved ArkwoodE n d a n g o n & a n t Ass e s sment o r avan with Region 6 ' a o w n p o l i c y . T h i sriak a s a a a & m & n t should t h e r e f o r e be d i s r e g a r d e d in e v a l u a t i n gcancer riak at the Arkwood , I n c . s i te.

E.
A f t e r t h o Arkwood F e a s i b i l i t y S t u d y a n d Endangermant Ass e s smen t h a dbeen approv ed by EPA Region 6, a new set of t o x i c i t y equivalentf a c t o r s (TEFa) ware in troduc ed t o t h e A r k w o o d , I n c . s i t e , by th eA g e n c y that s u b s t a n t i a l l y changed several o f the c oncentra t ion o fd i o x i n congeners at the s i t e , e s p e c i a l l y the o c t a - c h l o r i n a t e dhoao logue . In view of the concerns raised by the changing d i o x i nv a l u e s , several s u p p l e m e n t a l documents are hereby prov ided toassess tho impact of the revised d i o x i n concentrat ions on theendargerment assessment and on remedy s e l e c t i on . The f o l l o w i n gdocuments are f o u n d in the A p p e n d i c e s :

o "Evalua t i on of the 1989 Endangerment Ass e s smen t for A r k w o o d ,I n c . S i t e " ;
o "Review and C r i t i q u e of the S c i e n t i f i c Basis of the TEF forOCDD" .
o " A l t e r n a t i v e s t o I n c i n e r a t i o n f o r S o i l s C o n t a i n i n g Greaterthan 20 ppb Diox in";
o "Dioxin C l e a n - u p G o a l s f o r A r k w o o d , I n c . S i t e " ; and
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o " C a l c u l a t i o n o f Prel iminary H e a l t h - B a s e d S o i l C l e a n u p Level sf o r P o l y n u c l e a r Aromat i c H y d r o c a r b o n s (PAHs) a t t h e ArkwoodS i t e in Omaha, Arkansas"
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V I I I . A D M I N I S T R A T I V E . RECORD
A . I n c o m p l e t e . R e c o r d

In re sponse t o the EPA's invi ta t ion to the p u b l i c t o comment on thePubl i c Record, MMI makes the f o l l o w i n g comments:
The Admini s t ra t iv e Record I n d e x , Draf t F i n a l , f o r t h e Arkwood, Inc.site (ARK 084930148) dated J u l y 12, 1990 does not include many ofthe l e t t e r s , report s and other documents that were submi t t ed by MMIto the EPA or received by MMI f r o m E P A , during the RI/FS. -Severa lo f these are s i g n i f i c a n t in terms o f d o c u m e n t i n g the RI/FS progre s sand procedures . MMI hereby requests that the f o l l o w i n g documentsbe i n c l u d e d in the A d m i n i s t r a t i v e Record:
M i s c e 1 l a n e o u s .Matters

Let t er f r o m LarryN e c e s s i t y to keym o n i t o r i n g d a t a .
D. W r i g h t to Bob Barker.. 3 / 4 / 8 7 :s a m p l i n g events to h y d r o l o g i c a l

L e t t e r f r o m Bob Barker t o Ruth I z r a e l i , 3 / 5 / 8 7 : Revis ionst o A r k w o o d , I n c . S i t e W o r k P l a n ; i.e., revised monitorwell construction d e t a i l s , revised H e a l t h a n d S a f e t yP l a n , revised Q A / Q C P l a n and g a g i n g s ta t ion p r o p o s a l .
Let t er f r o m Richard F u l l e r t o Ruth I s r a e l i , 3 / 1 0 / 8 7 ; R M A LQ A / Q C procedures .
L e t t e r f r o m Richard F u l l e r t o Ruth I z r a e l i , 3 / 1 6 / 8 7 :Propo s ed g e o p h y s i c a l i n v e s t i g a t i o n and q u a l i f i c a t i o n s o fe c o l o g i s t s do ing site eco logical assessment.
Let t e r f r o m Ruth I z r a e l i to Bob Barker, 4 / 6 / 8 7 ;concerning revised work p l a n documents. Comments
L e t t e r f r o m Richard F u l l e r t o Ruth I z r a e l i , 4 / 2 0 / 8 7 :P r e l i m i n a r y r e s u l t s o f w e l l and s p r i n g inventory ands e l e c t i o n of w e l l s and s p r i n g s to be s a m p l e d .
F a x f r o m Ruth I z r a e l i t o Richard F u l l e r , 4 / 2 8 / 8 7 :Prel iminary acceptance of w e l l s and spr ing s to bes a m p l e d .
L e t t e r f r o m Richard F u l l e r t o Ruth I z r a e l i , 5 / 1 / 8 7 :Response to EPA comments on revised work p l a n documents .
L e t t e r f r o m Richard F u l l e r t o Ruth I z r a e l i , 9 / 2 5 / 8 7 :Respons e to EPA ques t ions concerning n@ed to c o o r d i n a t e
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10.

11.

12.

13.

14.

15.

16.

17.

18.

20

21

L e t t e r f r o m Richard P u l l e r t o Ruth I z r a e l i 1 0 / 2 3 / 8 7 -Revisions t o Arkwood , I n c . s i t e W o r k P l a n 1 0 / 2 3 / 3 7 .
Let t er f r o m Richard F u l l e r t o Ruth I z r a e l i 4 / 9 / 8 8 -
c o ^ e ^ a d ^ , ^ ' 8 <*>«"*<»» concerning s a m p l e s 'to' *4c o l l e c t e d f o r d e t e rmining target parameter s .
L a t t e r f r o m S t e v e Calhoun t o Ruth I z r a e l . 7 / 7 / 8 8 -Propo sa l for c onduc t ing EM g e o p h y s i c a l survey.' ' '

Ruth ^"eli to Bob Barkercompounds to be added to ind i ca tor

ss, s
L e t t a r f r o m Richard F u l l e r t o Ruth I z r a e l i 1 0 / 2 8 / 8 8Discus s ion o f p r o b l e m s r e l a t e d to h i«hd e t e c t i o n l i m i t s f o r P A H compounds . ^

' Brown

S i t
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22. L e t t e r f r o m Richard F u l l e r t o Brent T r u s k o w s k i , 1 / 4 / 8 9 :Revisions to f i n a l Phase I monitor well i n s t a l l a t i o nprocedure s .
23. Letter f rom Richard F u l l e r to Brent Truskowski , 1 / 2 4 / 8 9 :FS a l t e r n a t i v e s a n a l y s i s ; i.e., p r e l i m i n a r y as s embly o fremedial a l t e rna t iv e s ,
24. Le t t e r f r o m Richard F u l l e r t o Brent T r u s k o w s k i , 2 / 6 / 8 9 :Revisions t o T r e a t a b i l i t y S t u d y Work P l a n .
2 5 . L e t t e r f r o m Garre t t Bondy t o Richard F u l l e r , 2 / 2 6 / 8 9 :Comments on T r e a t a b i l i t y S t u d y Work Plan.
2 6 . L e t t e r f r o m Brent T r u s k o w s k i t o Richard F u l l e r , 3 / 2 3 / 8 9 :EPA approval o f S o i l S a m p l i n g P l a n .
2 7 . L e t t e r f r o m S a m Becker t o Richard F u l l e r , 4 / 2 5 / 8 9 : E P A ' sapprova l o f F i n a l T r e a t a b i l i t y S t u d y Work P l a n .
28. L e t t e r f r o m Garre t t Bondy to Bob Barker, 6 / 2 2 / 8 9 : EPAcontractor comments and recommendations for use ind e v e l o p i n g Phase I I W o r k P l a n .
29. Let t er f r o m Bob Barker to Brent Truskowsk i , 7 / 1 7 / 8 9 :M M I ' s d e c i s i on n o t t o proceed with inter im removalac t ion.
30 . L e t t e r f r o m Richard F u l l e r t o Brent T r u s k o w s k i , 7 / 2 0 / 8 9 :F i n a l revisions to Phase I Remedial I n v e s t i g a t i o nA c t i v i t i e s Summary Report (response to second round ofEPA comment s) .
31. Let t er f r o m Richard F u l l e r to Brent Truskowsk i , 9 / 8 / 8 9 :T r a n s m i t t a l o f Revised D r a f t A s s e m b l y o f A l t e r n a t i v e s a n dr e p l y t o a l t e rna t iv e s a n a l y s i s l e t t e r ( d i s c u s s i o n o f K001waste and proposed F 0 3 2 hazardous- waste l i s t i n g ) .
32. Le t t e r f r om Richard F u l l e r to Brent T r u s k o w s k i , 9 / 2 0 / 8 9 :c o n f i r m i n g that EPA is s a t i s f i e d with use of Tom A l e y aaa karst e xp er t .
33 . L e t t e r trom G a r r e t t Bondy t o Richard F u l l e r , 1 0 / 1 0 / 8 9 :E P A a p p r o v a l o f F i n a l Phase I I R I / F S W o r k P l a n dated9 / 2 9 / 8 9 .
34. L e t t e r f r o m Doice H u g h e s to Richard F u l l e r (cc: BrentT r u a k o w s k i ) , 1 1 / 2 2 / 8 9 : ADPC&E Permission to conduct Tasks
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1 & 2 of tracing study with request for more informat ionb e f o r e S T A granted .
Documents__Dealina s p e c i f i c a l l y with Proj e c t S c h e d u l e ;

1. Let t er f r o m Larry W r i g h t to Stewart B r a z n e l l , 4 / 1 3 / 8 8 :Letter describing process to determine due dates forsubmit tal o f R I / F S documents.
2. Letter f r o m Bob Barker to Larry W r i g h t , 4 / 1 9 / 8 8 : Letterin response t o L a r r y ' s l e t t e r d i s cu s s ing document duedate s .
3. Fax f r o m Ruth I z r a e l i to Richard F u l l e r and Bob Barker,6 / 2 2 / 8 8 : Arkwood R I / F S p r o j e c t s chedule .
4 . L e t t e r f r o m Richard F u l l e r t o Ruth I z r a e l i , 6 / 2 9 / 8 8 :Proposed changes in intermediate d e a d l i n e s .
5. Memo f r o m S t e p h e n Doss to Ruth I z r a e l i (cc: RichardF u l l e r ) , 7 / 2 6 / 8 8 : F i n a l revised R I / F S schedule.
6. Memo f r o m S t e p h e n Doss to Ruth I z r a e l i (cc: RichardF u l l e r ) , 9 / 1 3 / 8 8 : Revised R I / F S critical pa th s chedule .
7. Le t t e r f r o m Richard F u l l e r t o Brent T r u s k o w s k i , 2 / 2 / 8 9 :Revised critical p a t h schedule.
8 . F a x f r o m W e s t o n , 4 / 2 4 / 8 9 : Revised c r i t i ca l p a t h s ch edu l e .
9. L e t t e r f r o m Bob Barker to Brent T r u s k o w s k i , 5 / 3 0 / 8 9 ;C o n f i r m a t i o n of agreements reached with regard tode l ivery of Phase I RI report and Phase II work p l a n .

10. Le t t e r f r o m Richard F u l l e r t o Brant T r u s k o w s k i , 6 / 1 5 / 8 9 :Requested changes to the revised critical pa th s chedul ereceived f r o m W e s t o n .
11. Let ter f r o m A l l y n Davis to Bob Barker, 8 / 2 3 / 8 9 ; Proposedsecond amendment to the A d m i n i s t r a t i v e Order on Consent.
12. L e t t e r f r o m A l l y n Davis to Bob Barker, 9 / 1 9 / 8 9 : Discussess c h e d u l e d e l a y s , s t i p u l a t e d p e n a l t i e s , etc.
1 3 . L e t t a r f r o m A l l a n G a t e s t o Cheryl Mack , 9 / 2 0 / 8 9 : F o l l o wup on his d i s cus s ion with her r egarding the propo s edamendment to the consent adminis trative order.
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1 4 . Let t er f o r m A l l a n G a t e s t o Cheryl M a c k , 1 0 / 4 / 8 9 : L e t t e rexpress ing concern over E P A ' s lack o f responsiveness t oa t t e m p t s a t r e so lv ing s c h e d u l i n g d i f f i c u l t i e s , etc.
15. Letter f rom A l l a n Gate s to A l l y n Davis and Cheryl Mack,1 0 / 2 6 / 8 9 : Chrono logy o f events concerning s chedul ec o n f l i c t with M M I ' s p r o p o s a l f o r r e s o lu t i on o f matter.

D r a f t or F i n a l R e p o r t s and P l a n s ;
1. M i s s i n g month ly progress reports:

J u l y 1986S e p t , - D e c . 1986J a n . 1987Mar. 1987J u n e - A u g . 1987
Oct. 1987Dec. 1987F@b.-Dec. 1988J a n . - D e c . 1989J a n . - J u l y 1990

2 . F r o m Richard F u l l e r t o Ruth I z r a e l i , 5 / 8 / 8 7 : U p d a t e dversion o f Arkwood H e a l t h a n d S a f e t y P l a n .
3. F r o m E R M - S o u t h w e s t t o Region VI E P A , 3 / 3 1 / 8 9 : Six volumeso f a n a l y t i c a l d a t a p l u s d a t a index.

F r o m Richard F u l l e r to Brent Truskowsk i ,Endangerment Asse s sment (1s t D r a f t ) . 4 / 4 / 8 9 :

D r a f t Phase I Remedial I n v e s t i g a t i o n A c t i v i t i e s SummaryReport to Brent T r u s k o w s k i , 4 / 1 3 / 8 9 .
From Richard F u l l e r t o Brent T r u s k o w s k i , 5 / 2 6 / 8 9 :Endangerment Ass e s smen t ( 2 n d D r a f t ) .
From Richard F u l l e r to Brent T r u s k o w s k i , 6 / 1 5 / 8 9 :Response s to EPA technical comments on 1st d r a f t of PhaseI Remedial I n v e s t i g a t i o n A c t i v i t i e s Summary Repor t .
F r o m K i e h a r d F u l l e r t o Brent T r u s k o w s k i , 6 / 1 5 / 8 9 : PhaseI Ramadial I n v e s t i g a t i o n A c t i v i t i e s Summary R e p o r t , 2ndD r a f t (Red-l ine version).
T r e a t a b i l i t y S t u d y Progres s Report t o Brent T r u s k o w s k i ,
6 / 2 9 / 8 9 .
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10. D r a f t Phase II Remedial I n v e s t i g a t i o n W o r k P l a n t t o BrentT r u s k o w s k i , 7 / 1 7 / 8 9 .
11. F r o m Richard F u l l e r to Brent T r u s k o w s k i , 1 / 8 / 9 0 : RemedialI n v e s t i g a t i o n R e p o r t , 1 s t d r a f t ( r e d - l i n e v e r s i o n ) , V o l s .I a n d I I .
12. F r o m Richard F u l l e r to Brent T r u s k o w s k i , 1 / 8 / 9 0 :F e a s i b i l i t y S t u d y Report (1st D r a f t ) .
13. From Richard F u l l e r to Brent Truskowsk i , 1 / 8 / 9 0 :F e a s i b i l i t y S t u d y - V o l . I I , T r e a t a b i l i t y S t u d y Report( 1 s t . D r a f t . )
14. Frora Richard F u l l e r to Brent T r u s k o w s k i , 2 / 2 6 / 9 0 :Remedial I n v e s t i g a t i o n R e p o r t , 2 n d D r a f t ( R e d - l i n ev e r s i o n ) , V o l . I only.
1 5 . F r o m Richard F u l l e r t o Brent T r u s k o w s k i , 3 / 2 / 9 0 :F e a s i b i l i t y S t u d y R e p o r t , 2 n d D r a f t ( R e d - l i n e v e r s i o n ) .
16. From Richard F u l l e r to Brent T r u s k o w s k i , 3 / 3 0 / 9 0 :Remedial I n v e s t i g a t i o n R e p o r t , F i n a l , V o l . I I on ly . ( E P Aa c k n o w l e d g e s V o l . I i s in A d m i n . R e c o r d . )
17. From Richard F u l l e r to Brent Truskowsk i , 3 / 3 / 9 0 :F e a s i b i l i t y S t u d y R e p o r t , I n t e n d e d t o b e f i n a l , V o l . Io n l y . ( E P A a c k n o w l e d g e s V o l . I I i n a d m i n , record b u tthey s t i l l d i d n o t approve V o l . I . )
18. Fax f r o m St • j* C a l h o u n to Brent T r u s k o w s k i , 4 / 2 7 / 9 0 :I n c l u d e d corrected FS p a g e s and summary of monitor wal lwater producing characteri s t ic s .

B . E P A ' p Propose^ p l a n o f A c t i o n
T h i s s ec t ion r e s p e c t f u l l y pr e s en t s a d i s cu s s i on o f several f a c t u a lor t echnical errors w i t h i n the EPA Region 6 "Proposed P l a n ofAction" ( P P A ) f o r t h e Arkwood, I n c . s i te ( J u l y 1 3 9 0 ) .
Page 2: The A d m i n i s t r a t i v e Order on Consent was entered into inHay 1986, not 1985.
PflQA_4: The PPA states that the M a j o r i t y o f s i te risks rasult f r o mthe pre s ence of d i o x i n . T h i s i s incorrec t , ainca tha ArkwoodEndangeraant A s s e s s m e n t has d emons t ra t ed that the m a j o r i t y o fcancer risk at the main site is due to the carcinogenic po lynuc l eararomatic hydrocarbons (PNA-C). Even whan th e d i o x i n concentrat ionsare c a l c u l a t e d according to tha revised T o x i c i t y Equ iva l en tF a c t o r s , the geometric maan d i o x i n concentrat ions do not s i g r . i f i -
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c a n t l y change f r o m those in the or iginal endangerment asse s sment.If concentrations do not change, exposure and risk remain the same.The original assessment showed that 36 per cent of cancer risk atthe main site was due to dioxin, with the remainder (64 per cent)r e su l t ing f r o m the PNA-Cs. The EPA bases i ta s tatement concerningre la t ive d iox in risk on its own risk assessment for the site. Asshown in S e c t i o n IV - C of this document, however, this assessmentis inaccurate and inappropr ia t e to the Arkwood, Inc . aita.
Paae 9; The PPA s ta t e s that A l t e r n a t i v e H is the only soil reme-d i a t i o n o p t i o n that provide s long~ter» p r o t e c t i o n to ground water.However , a l t ernat ive s C, Cl , D, E, F, and G provide varying degreesof s l u d g e des truct ion and soil remediation to a clean-up levelpro t e c t i v e of ground water. T h e s e a l t e rnat ive s were not f u l l yevaluat ed on t h i s issue in the P P A , but are summarily d ianiaaed onthe basis of an improbable c a t a s t r o p h i c s inkhole f o r m a t i o n .
In a d d i t i o n , within thia same paragraph , the PPA s tates that A l t e r -native H p r o t e c t s the p u b l i c and the environment to the "maximumextent p o s s i b l e , " i m p l y i n g that th i s cri terion renders A l t e r n a t i v eH p r e f e r a b l e to all others. It should be po in t ed out that "maximumprotec t ion" to the p u b l i c is not the goal of ai ta remediation.Pro t e c t i on to a reasonable and acceptable level at a c o s t - e f f e c t i v ee x p e n d i t u r e of monetary resources i s the goal of s i t e r e m e d i a t i o n .T h a t goal is met by numerous other a l t e r n a t i v e s put f o r t h in theF S Report .
Page 12: In the d e f i n i t i o n o f "Dioxin," the PPA s tate s that dioxini s a "probab l e cancer causing [ s i c ] agent." T h i s un sub s tan t ia t edcomment should be heavi ly q u a l i f i e d . T h e r e is no evidence whateverfor the human carcinogenici ty of d iox in, d e s p i t e numerous we l l -documented cases of human exposure (see Cherarisk documents inA p p e n d i c e s ) . T h e o n l y carcinogenic data f o r d i o x i n cornea f r c sl a b o r a t o r y d a t a on e xper imenta l animal*.

C. Publ ic M e e t i n g s
In accordance with S e c t i o n 117 of the Comprehens ive EnvironmentalResponse Compensat ion and L i a b i l i t y A c t , the EPA has p e r i o d i c a l l yhe ld p u b l i c meetings at the Omaha P u b l i c School to disseminatei n f o r m a t i o n concerning p r o g r e s s a t th e A r k w o o d , I n c . S u p e r f u n ds i t e . In order to correct and c l a r i f y some errors and miscon-cept ions arising f rom th e EPA's comments a t t h e la s t two p u b l i cmas t ings , the f o l l o w i n g responses are r e s p e c t f u l l y prov ided . Eachresponse is preceded by thw relevant port ion of the E P A 1 a eoanentas it a p p e a r s in the t ran s c r ip t of the proc e ed ing s . A trans cr ip tof the F e b r u a r y 12, 1990 p u b l i c meeting is a t tached as A p p e n d i x G,for incorporation in the Admini s t ra t iv e Record.
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February - 1 2 f _ 1990 Publ i c Meet ing
Coaoaent (Pa ere 9 . _ L i n e a l S
Hr. T r u a f c o w e k i : The d e ep e s t one we have 1* a wall that was a c t u a l l yalready there; it ia down a l i t t l e over a hundred £eet. And thanwe put aorna deeper ones in the railroad di tch area.

The railroad ditch monitor we l l s are all r e la t iv e ly s h a l l o w , muchs ha l l ower than 100 f e e t . They range in d ep th from 15 to 23 f e e t .
ae 10. L l n a a 10*12

K r . Bondy: T w o par t s p e r B i l l i o n .
Mr. T r u f c f c o w s k i : W h a t is t ha t , about 0.02 percent, ia that how itt r a n s l a t e * across?

In terns of percent , the PCP concentration in Haw Cricket S p r i n gis a p p r o x i m a t e l y 0.0002% not 0.02%.
( Page 10. Linaa IS- 191 :

Mr. Truskowski: R i g h t , r i g h t , it comes out it comes out of CricketS p r i n g s a long the channel , and this water d i s a p p e a r s and conesback, and d i s a p p e a r s and comas back, and e v e n t u a l l y runs intoCri cke t Creek.
Response ;
The water f l o w i n g in Criexet S p r i n g Channel has not been observedto r e p e a t e d l y " d i s a p p e a r and coma back" and e v e n t u a l l y run intocricket Creak. Cricket S p r i n g Channel is t y p i c a l l y dry ail the wayf r o m the point at which Hew Cricket S p r i n g water sinks below thestream bad to its c on f luence with Cricket Creak.

p j t q a 15. Lines 1* i :
Beige J a c k e t : How many w e l l s did you teat in this area?
Mr. T r u s k o v s k i : I think we tested somewhere around tan.
Response:
A total of 15 domes t i c w e l l s ware s a m p l e d at various t ines.
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Lines 13-1&1;..
The way wa found what w a l l s we f ound was going through the county,to the c i t y , and a lot of th« w a l l a nay or nay not be regiateredwith t h e county o r t h e city. S o , that ' a t h e ones that w e have.So, I would aay 40, maybe SO, which would give us 25, 20, 25percent ot the w a l l s .

The in i t i a l d o m e s t i c well survey w i t h i n the 1.5-mile radius s tudyarea i d e n t i f i e d 36 w e l l a . He sampled IS of these or 42 percent oft h e i d e n t i f i e d w e l l a .
f Page 30 . Line* 7~121 1

Mr. Bondy: Ho, we are t a l k i n g about d iox in .
Mr. T r u s k o w s k i : Oh, about f our t e en par t s per m i l l i o n .
Mr. Bondy: Fourteen part per m i l l i o n is the h ighe s t we aav,

Reapon- io:
T h e y meant to aay f o u r t e e n p a r t s per b i l l i o n , not f o u r t e e n p a r t sp e r m i l l i o n ,

11-1211
Mr. Truskowski: E igh ty f e e t in thia area ia a c t u a l l y a f a i r l y deepw e l l .
Response:
Average domestic well d e p t h s in thia area are hundreds of f e e t .E i g h t y f e e t ia a s h a l l o w wel l for thia area.

J u l y 2 S . P u b l i c

... t r e a t o b i l i t y study. In the t r u a t a b i l i t y s tudy we looked at thesoil w a s h i n g , which is j u s t what it sounds l i k e , you run the soilthrough the, for lack of a better word, water in a washing machine.It remediates the p e n t a c h l o r o p h e n o l , however, i t f a i l s t o remediatethe carcinogenic po lynuc l ear aroraatie hydrocarbons, or the d iox ina.
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Respon s e!
S o i l washing is b a s i c a l l y a volume reduct ion process whereby thef i n e soil p a r t i c l e s are s eparated f r o m the coarse p a r t i c l e s , ithas been demons trat ed that the p e n t a c h l o r o p h e n o l (POP), po lynuc l eararomatic hydrocarbons (PAHa) and d i o x i n s tend to concentrate in thef i n e size f r a c t i o n . T h e r e f o r e , by removing the f i n e size f r a c t i o n ,soil washing remediate s all three, not j u s t the P C P .

w« also looked at s t a b i l i z a t i o n , in other words, turning the soilinto a concre t e- l ike mass, but it f a i l e d to remediate thepsntachlorophenol or the carcinogenic PNAs, and we don't have ther e su l t s on the d i o x i n s .
Response :
S t a b i l i z a t i o n of the a f f e c t e d soil can be achieved in several ways.During the T r e a t a b i l i t y S t u d y , soil s t a b i l i z a t i o n t e s t ing conductedon untreated s o i l s ind i ca t ed that PCP m o b i l i t y might be increasedby increas ing the pH d u r i n g the s t a b i l i z a t i o n proces s . H o w e v e r ,no such increase in m o b i l i t y was noted for PNAs. T h e r e f o r e ,s t a b i l i z a t i o n would b e e f f e c t i v e f o r carc inogenic P N A s . A l t h o u g hno da ta was d e v e l o p e d f or d i o x i n s , a v a i l a b l e l i t e r a t u r e , i n c l u d i n gt h e propo s ed P l a n o f A c t i o n f o r t h e T e x a r k a n a s i t e , i n d i c a t e s thats t a b i l i z a t i o n would a l so be e f f e c t i v e for these compounds.
Comment IPaae 13. Lines 21-251 -
We also looked at an o x i d a t i o n , which is a pretraatment s t e p to ab i o r e a a d i a l , b i o l o g i c a l t r ea tment . H o w e v e r , i t f a i l e d to show anya*ihanced r e su l t s , so it was s c rapped ear ly as an. . .
Respons e;
O x i d a t i o n as a p r e t r e a t m e n t s t e p did not prov id e enhanced bio-l o g i c a l d e g r a d a t i o n . However , chemical o x i d a t i o n did reduce bothPCP and PNA l e v e l s f r o m 5 to 20 percent in the A r k w o o d , *r.e. s i t es o i l s . It t h e r e f o r e does appear to have soae b e n e f i t , b.c not asa s t and-a l one treatment.

f P a o a Lines 1~|Q}
... idea. And then the b io logical treatment i t s e l f , the b io logicalt r ea tmen t , b a s i c a l l y us ing the microorgani sms in the soil and othermicroorganisms, i t f a i l e d t o remediate t h e p e n t a c h l o r o p h e n o l , X ' r a
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sorry, it did remediate the p en ta ch l oropheno l , however, it f a i l e dto remediate the carcinogenic PNAs or the d iox in s to l ev e l s whichEPA considered p r o t e c t e d t

Response.;
Biologi ca l treatment s tudie s indica t ed that it was an e f f e c t i v emethod of reducing the concentrat ions of both PCP and PNAs in thes a n d / f i n u s f r a c t i o n of the site soil. A f t e r 56 days of treatmentPCP and PNA concentrat ions had been reduced by a p p r o x i m a t e l y 85and 80 p e r c e n t , r e s p e c t i v e l y . PCP concentrations had reached the300 m g / k g action level being proposed by the E P A . T h e r e f o r e ,b i o l o g i c a l treatment i s an e f f e c t i v e remedy for t r e a t i n g both PCPand PNAs. I n s u f f i c i e n t da ta are a v a i l a b l e to make a s i m i l a rstatement regarding dioxins.

Continent f P a a e 38. Lines J
S i n c e February we have done a more d e t a i l e d review of the treat-a b i l i t y s tudy r e su l t s and a more d e t a i l e d review of tha g e o l o g y andfound one t r ea tab i l i ty test showed that the b i o l og i ca l treatmentof the sieve and wash would not remove the c on taminant s concernedat the l e v e l s we f e l t c o m f o r t a b l e with l eaving them at the site.
Respons e:
As s ta t ed pr ev i ou s ly in response to the EPA comment on page 14,l in e s 1-10, the b i o l o g i c a l treatment o f the s a n d / f i n e s f r a c t i o ndid result in s i g n i f i c a n t reduction of PCP and PNA concentrat ions .A f t e r 56 d a y s , the PCP concentrat ions were reduced to the 300 m g / k gc l ean up level contained in the Propo s ed P l a n of A c t i o n . There-f o r e , the above comment is b a s i c a l l y incorrect.

Comment f P a c i e 38. Lines 21-25 and Page 39, j^ines l̂ 3U
S e c o n d , we f e l t that the uncer ta inty with the g e o l o g y , thep o s s i b i l i t y of s inkhole s , for e x a m p l e , was such that we could nota f f o r d t o leave thousands o f p a r t s p e r m i l l i o n o f p e n t a c h l o r o p h e n o land s i g n i f i c a n t quan t i t i e s of d i o x in s i t t i n g at the s i t e ,
R e s p o n s e ;
See S e c t i o n I of th i s document.
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E X E C U T I V E S D H H A 1 T

T h i s r e p o r t p r a s e n t * an i n d e p a n d e n t review o f t h e d t o x l n - r e l a t e d cancer
risk e a e i a a t e s p r e s e n t e d I n t h * 1969 Endangeraent A & s e s s u s n t f o r t h e
A t r k v o o d s i t e in Oaaha. A r k a n s a s , t h e h e a l t h ri sks e s t i a e t e a p r e s e n t e d In
c h t i r ev i ew «re 2*3 order t o t a i g n l t u d * lover then choie e t t l r u t e ' i in the
1989 EA. p r i a i r i l y due t o the u s e o f r e f i n e d o x p o a u r a e s i u a p e i o n s which
hev« been p u b l i c h e d in ehe p e e r-vov i ev ed * c U n c i f i c l i t e r * t u r a . The
conclusion* o£ thi* ceviev ire es f o H o v i ;

D i o x i n - r e l e c e d r sncar r i sk s f o r r a i l c o a d p « r s o n n e i , c h i l d r e n ,and e d u l t i e x p o s e d to s o i l s et the mein s i t e or in ehe r a i l r o a dd i t c h a r e i n t h e order o f 1 0 ' 8 o r lover .
The h e a l t h r i i k e s t i m a t e s p r e s e n t e d in the 1989 EA (7 x 10** •c o n s i d e r e d u p p e r - b o u n d e s t i m a t e s o f2 x I 0 ' s ) shou ld b ep o t e n t i a l cancer risk.
E s t i m a t e d races o f d i o x i n u p t a k e a t Arkvood are a p p r o x i e a e o l ythe sane at background lev.iia throughout the U . S .
R a t l a a t e d r a x e s o f d i o x i n u p t a k e e t the Arkvood s i t u are severalorders of eugni tude lover than ehe " e c c e p t & b l e " l ev e l s that havebeen e s t a b l i s h e d by several r e g u l a t o r y a g e n c i e s throughou t thew o r l d .
T h e i n e r e a e n t s l d i o x i n body burdens a s s o c i a t e d v l t h e xpo sur e t oA / k v o o d s o i l s vauld b e i n d i s t i n g u i s h a b l e f r o m p r e ^ e x i a e i n gbackground l e v e l s .
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1.0 IHTEODUCTION

thi, report p r e s e n t s .„ i n d e p e n d e n t review of the d i o x i n - r e l a t e d cancer
risk e s t i m a t e , p r e s e n t e d In the "Endangerment A s s e s s m e n t , Arkwood inc
O M l u . Arkan..." ( E R K - S o u t h w e s t . I n c . , A u g u s t 30 , 1 9 8 9 ) . The Arkwood sit.
i s a f o r m e r w o o d - p r e s e r v a t i v e f a c i l i t y near Omaha. Arkansa s . I t t f a £ J n
^ration f r o m 1 S 6 2 to 1984; the chemical , used during op e r. t t o n vete
p e n t a c h l o r o p h e n o l and creoso te . The purpo s e of e h. 1 9 M Endang.rment
A«,e S 8 B ent (EA> «. to a»eS S the p o t e n t i a l h e a l t h ri sks ...oeUtrt w i th
exposure to p e n t . c h l o r o p h e n o l . p o l y . r o m a c l c hydro carbon s , and d l o x t a s In
• o i l s , groundw.t.r. and s u r f a c e water at the Arkvood s i t e . The 1989 EA
d e t e r m i n e d t h a t , under the most p r o b a b l e f u t u r e land use c o n d i t i o n s
d i o x l n r e l a t e d cancer risks could range f r o m 7.5 x W« to 2 x W»'
The 1989 EA s t a t e d that tho s e risk, were w i t h i n the range of a c c e p t a b l e
r i sk s for S u p e r f u n d s i t e s (10** to 10"7).

S i n c e the c o m p l e t i o n o f the 1989 EA. several risk as s e s sment g u i d a n c e
docu*.nts f o r S u p e r f u n d s i t e s have been p u b l i s h e d b y t h e U S E F A . I n c l u d i n g
"Risk A s s e s s m e n t G u i d a n c e f o r S u p e r f u n d ; V . I , Huaan H e a l t h E v a l u a t i o n
Manual" ( 1 9 8 9 ) a n d " E s t a b l i s h i n g T a r g e t C l e a n u p C o n c e n t r a t i o n s f o r S o i l s
at H.»rdou. ».„. , l t o. { 1 9 M ) . S e v a r a l D S E p A ^^ ^^
s p e c i f i c a l l y a d d r e s s a p p r o p r i a t e a a t h o d o l o g l e s f o r a s s e s s i n g d l o x i n -
r e l a t e d cancer ri sks have a l s o been p u b l i s h e d I n c l u d i n g . .r.t.rta
P r o c e d u r e s f o r E s t i m a t i n g Risk s A s s o c i a t e d w i t h E x p o s u r e s t o M i x t u r e s o f
C h l o r i n a f d Diben a o- P .Diox in and S l b e n z o f u r a n s and 1989 U p d a t e " ( 1 9 8 9 )
In a d d i t i o n , several r e p o r t s have r e c e n t l y a p p e a r e d in th e l i t e r a t u r e
which contain r e f i n e m e n t s to some of the key a s s u m p t i o n , used to a s s e s s
d i o x i n - r e l a t e d h e a l t h i l s k* In the 1989 EA. Some o f th e r e f i n e m e n t s
i n c l u d e :

p u b l i s h e d value s f o r t h e b i o a v a i l a b i l i t y o f o c t . ch lor ina t ed
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* nev cancer p o t e n c y f a c t o r s for d i ox in , and
* revised soil i n g e s t i o n rates for ch i ldr en and a d u l t s .

I n c o r p o r a t i o n o f chose and other r e f i n e m e n t s could s u b s t a n t i a l l y I m p a c t
the heal th risk e s t i oa tA* for the Arkvood site.

The o b j e c t i v e of this independent review is to provide r e f i n e d dioxin risk
t t t e i a a t e s in a manner consi s t ent with a c c e p t a b l e risk a s s e s smen t
• a t h o d o l o g i c s and the current s c i e n t i f i c l i t e r a t u r e . An i n d e p e n d e n t
review such as thi s one can o f t e n be a u s e f u l tool for the r i sk manager
vhtn sulking d e c i s i o n s r e g a r d i n g p r o t e c t i o n of p u b l i c h e a l t h , as i t
provides an o b j e c t i v e p r o f e s s i o n a l critique of the v a l i d i t y of the in i t ia l
r i s k a s s e s s m e n t c onc lu s i on s . W h e r e a p p r o p r i a t e , t h e r e f i n e d m e t h o d o l o g i e s
used in this review are compared to the risk assessment approach used in
the 1989 EA.

The organizat ion of th i s evaluation f o l l o w s the g u i d e l i n e s p u b l i s h e d by
t h e K a t i o n a l A c a d e m y o f S c i e n c e s ( M A S ) i n 1983. T h e s e g u i d e l i n e s s u g g e s t
that risk assessments should contain some or all of the f o l l o w i n g four
s t e p s : H a z a r d i d e n t i f i c a t i o n ( t h e d e t e r m i n a t i o n o f whether a p a r t i c u l a r
chemical is or is not cau sa l ly linked to p a r t i c u l a r h e a l t h a f f e c t s ) ,
d o s e - r e s p o n s e a s s e s s m e n t ( t h e d e t e rmina t i on o f the r e l a t i o n b e tween the
m a g n i t u d e of e xpo sur e and the p r o b a b i l i t y of occurrence of the h ea l th
e f f e c t s in q u e i t i o n ) , exposure assessment (the d e t e rmina t i on o f the e x t e n t
o f human e x p o s u r e s b e f o r e o r a f t e r a p p l i c a t i o n o f r e g u l a t o r y c o n t r o l s ) ,
and risk character izat ion (the d e s c r ip t i on of the nature and o f t e n tha
m a g n i t u d e of human r i s k ) . Tn a d d i t i o n , other sources w i l l be used for
guidance in prepar ing this evaluation i n c l u d i n g ; the Risk Assessment
G u i d a n c e f o r S u p e r f u n d V o l u m e 1 : H e a l t h Evaluat ion Manual ( P a r t A )
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p u b l i s h e d by EPA ( D e c . 1 9 8 9 ) , th e EPA Expo sure Handbook ( J u l y , 1 9 8 9 ) , and
othet reeert p e r t i n e n t p u b l i c a t i o n s .

The f ormat of this risk assessment evaluation is as f o l l o w s :

SECTION 2 PROJECT BACKGROUND ( l o c a t i o n o f s i t e , A c t i v i t i e s a t thes i t e e t c . )
S E C T I O N 3 S E L E C T I O N O F I N D I C A T O R C H E M I C A L S F O R T H I S E V A L U A T I O N
S E C T I O N 4 H A Z A R D I D E N T I F I C A T I O N ( a c u t e , chronic non- car c lnog en l c a n dcarc inogeni c e f f e c t s , m e t a b o l i s m and d i s p o s i t i o n , and human body b u r d e n )
S E C T I O N 5 D O S E - R E S P O N S E A S S E S S M E N T
S E C T I O N 6 E X P O S U R E A S S E S S M E N T ( f a t e o f PCDDs a n d P C D F s , pa thways a n droute s o f human e x p o s u r e , m o d i f i e d intake a s s u m p t i o n s )
S E C T I O N 7 C A L C U L A T I O N O F EXPOSURE P O I N T C O N C E N T R A T I O N S ( s t a t i s t i c a l d a t aa n a l y s e s )
S E C T I O N 8 DOSE C A L C U I A T I O N A N D H E A L T H R I S K E S T I M A T E S ( c a l c u l a t i o n o fhuman intakes and determination of cancer r i sk s)
S E C T I O N 9 R I S K C H A R A C T E R I Z A T I O N
SECTION 10 R E F E R E N C E S
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2.0 PROJECT BACKGROTOD

The p u r p o s e of this s ec t ion is to b r i e f l y review some of the key e l ement s
of the Arkvood s i t e h i s tory. M o s t o f t h i s i n f o r m a t i o n i s e x c e r p t e d f r o m
the 1989 EA.

2.1 S i t e Description and H i s t o r y

The Arkvood s i t e is l o c a t e d 0.5 m i l e s s ou thwe s t of ^aaha, Arkansa s in
Boone County and is f ound on the vast s ide of U. ". Hi ;vay 65. The s i t e
covers a p p r o x i m a t e l y 15 acres and is bordered on tt-s northeastern boundary
by a branch line of the Missouri P a c i f i c Rai lroad . C u r r e n t l y , che Arkvood
s i t e is not in use, however f r om 1962 to 1984 the s i t e was used as a vood
t r e a t m e n t f a c i l i t y b y both A r k v o o d , I n c . ( 1 9 6 2 - 1 9 7 3 ) a n d M a s s
M e r c h a n d i s e r s I n c . ( 1 9 7 3 - 1 9 8 4 ) . The pr imary wood p r e s e r v a t i v e s used at
che s i t e during thi s period ( 1 9 6 2 - 1 9 8 4 ) vere pen tach loropheno l ( P O P ) and
creosote.

2.2 Previous I n v e s t i g a t i o n s

E R H - S o u t h v e s t I n c . vas retained in 1987 to conduct the Remedial
I n v e s t i g a t i o n and F e a s i b i l i t y S t u d y required by the EPA Region VI 1986
A d m i n i s t r a t i v e Order on Consen t as amended in 1989. In a d d i t i o n ,
E R M - S o u t h v e s t I n c . r e c e n t l y p r e p a r e d a n "Endangernumt A s s e s s m e n t " ( E A ) o f
the Arkvood s i t e ( 1 9 8 9 ) . P r e v i o u s l y , several companies had been retained
for a variety of services r e l a t e d to the s i t e . M c C l e l l a n d C o n s u l t i n g
E n g i n e e r s , I n c . MCE vere the initial c o n s u l t a n t s and vere e m p l o y e d by
K a s s M e r c h a n d i s e r s I n c . (MMI) to adv i s e t h e company on is sues r e l a t e d t o
the s i t e in 1961.
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Recent I n v e s t i g a t i o n s have shown the pre s ence of p o l y c h l o r l n a t e d d lox in s
and f u r a n s (PCDDs and PCDFs) In s o i l s on the main sice and In the nearby
rai lroad d i t c h . A l t h o u g h there are over two hundred d i f f e r e n t PCDD and
PCDF isomers, such of the d l o x i n at Arkwoot l c on s i s t s of a s i n g l e tsomer:
o c t a c h l o r l n a t e d d l o x l n ( O C D D ) . T h i s t s omer l a a common contaminant o f F C P
and la t y p i c a l l y found at vood treatment si t ea . OCDD concentrat ions
d e t e c t e d at the Arkvood s i t e range f r o m 7.2 - 26,000 p p b .
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3.0 SELECTION OF INDICATOR CHEMICALS

The f o c u s o f th i s i n d e p e n d e n t review i s to evaluate the p o t e n t i a l h e a l t h
risks a s s o c i a t ed vi th h u f f l a n exposure t o th e FCDOs and PCDFs d i s t r i b u t e d
in and around the Arkwood s i t e . The PCDD and PCDFs vere s e l e c t e d as the
c h e m i c a l s o f concern for thi s review for several reasons, i n c l u d i n g :

• A recent change in the toxic equivalency f a c t o r s(TEFs) f or a number o f t h e P C D D s and PCDFs p r e s e n t a tt h e s i t e ( B a r n e s , & £ & 1 - , 1 9 8 9 ) .
• The p u b l i c a t i o n o f several p a p e r s r e g a r d i n g the

behavior o f o c t a c h l o r i n a t e d d i ox in (OCDD) inb i o l o g i c a l t i s s u e s .

As m e n t i o n e d p r e v i o u s l y , OCDD Is the most p r e v a l e n t d i ox in isomer in
A r f c w o o d s o i l s . The recant increase in t h e TEF value f o r O C D D , c o u p l e d
w i t h th e p u b l i c a t i o n o f new t o x l c i t y , a b s o r p t i o n and e l i m i n a t i o n d a t a
p e r t a i n i n g t o O C D D , s u p p o r t s a r e eva lua t i on o f th e h e a l t h r i sks a s s o c i a t e d
w i t h t h i s s p e c i f i c i somar. A c c o r d i n g l y , f o r t h e p u r p o s e s o f t h i s
a s s e s s m e n t , OCDD w i l l be t r e a t e d as a s e p a r a t e i n d i c a t o r c h e m i c a l ,

Susaaary

The 1989 EA cr ea t ed the ent ire range of d i o x i n isomers as a s i n g l e
i n d i c a t o r c h e m i c a l . In th i s review, OCDD is t r e a t e d as a s e p a r a t e
chemical of concern due to the f a c t that OCDD is the p r e d o m i n a n t isomer
in Arkwood s o i l s and 1) the TEF for OCDD has been s i g n i f i c a n t l y r ev i s ed ,
a n d 2 ) s t u d i e s vhtch s p e c i f i c a l l y a d d r e s s t h e f t . , o f OCDD i n b i o l o g i c a l
t i s s u e s have r e c e n t l y been p u b l i s h e d .
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4 .0 HAZARD IDEH7IFICATION

H a z a r d i d e n t i f i c a t i o n is d e f i n e d a* the pro c e s s of d e t e r m i n i n g vhether
human exposure to an agent could p o t e n t i a l l y cause an increase in the
inc idence o f a n adverse h e a l t h e f f e c t (cancer , b ir th d e f e c t s , e t c . ) . I t
a l s o involves charac t er iz ing the nature and s t r e n g t h of the evidence of
cau sa t ion ( N A S , 1 9 8 3 ) .

As d e s c r i b e d e a r l i e r , the main p u r p o s e of t h i s review U to evaluate the
key a s s u m p t i o n s used to asses* P C D D / P C D F - r e l a t e d h e a l t h risks in the 1989
EA. The 1989 EA does not contain a d e t a i l e d d i s c u s s i o n of the adver s e
h e a l t h e f f e c t s a s s o c i a t e d wi th P C D D / P C D F expo sure . S u c h a d i s c u s s i o n i s
c r i t i c a l to th i s r evaluat ion in l i g h t of the a d d i t i o n a l i n d i c a t o r
c h e m i c a l s ( O C D D ) a d d r e s s e d i n t h i s d o c u m e n t . T h e f o l l o w i n g s e c t i o n s
d e s c r i b e a cu t e , chronic and carcinogenic e f f e c t s a s s o c i a t e d w i t h exposure
to PCDDs/PCDFs. m a d d i t i o n , a d i s c u s s i o n of the mechanism of a c t i on as
veil as the a e t a h o l U m and d i s p o s i t i o n of PCDDs/PCDF. is i n c l u d e d in t h i s
s e c t i o n as they r e l a t e d i r e c t l y to the t o x i c t t y o f P CDD and PCDF
congener s , i n c l u d i n g O C D D .

4.1 Mechanise of A c t i o n of P C D D s / P C D F s and Use of T o x i c Equivalent
F a c t o r s ( T E F s )

M e c h a n i s m o f

The t o x i c and b i o l o g i c r e s p o n s e s e l i c i t e d by P C D D s and PCDFs are p r o p o s e d
to occur via a r e c e p t o r - m e d i a t e d mechanism The r e c ep t or p r o t e i n that
m e d i a t e s the a c t i on of P C D D s and PCDFs was I d e n t i f i e d in 1976 and vas
t er toed the aryl hydrocarbon (Ah) r e c e p t o r ( P o l a n d , & U . 1 9 7 6 ). T o b e
a true r e c e p t o r - m e d i a t e d event , c e r ta in c r i t e r i a must be met . I n c l u d i n g
( C l a r k , £ £ 8 J . . . 1 9 8 8 ) :
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* s p e c i f i c binding by pro spe c t iv e l i g a n d s
* high a f f i n i t y b inding of the l igand with the receptor
* saturable b inding by s p e c i f i c U g a n d a
* c o rr e la t i on vith a b i o l o g i c a l event
* t i s s u e and s p e c i e s s p e c i f i c i t y

The Ah r e c e p t o r has been shown to meet all of the above c r i t e r ia
( G o l d s t e i n a n d S a f e , 1989; P o l a n d a n d K n u t s o n . 1 9 8 2 ) . T h e A h r e c e p t o r i s
a s soc iated with a number of b i o l og i ca l re sponse s e l i c i t e d by PCDDs and
P C D F s i n c l u d i n g ; t e r a t o g e n i c i t y , induc t i on o f cytochroma P A S O - d e p e n d e n t
monooxygenase s , b ody weight l o s s , thymic a t r o p h y , r e g u l a t i o n o f endocrine
sy s t ems inc luding es trogen and proge s t e rone r e c ep tor l e v e l s and
i m m u n o t o x i c i t y (revi ewed i n G o l d s t e i n a n d S a f e , 1 9 8 9 ) . I n a d d i t i o n , th i s
receptor pro t e in has been d e t e c t e d in a variety of t i s sues inc luding
l i v e r , l u n g , ehymus, duodenum, k i d n e y , s p l e e n , t e s t e s , h e a r t , a d r e n a l ,
human p l a c e n t a , human squamous c e l l carcinoma, human breast cancer c e l l s
and in some sections of brain (Gas i ew i c z and Rucci, 1984; H a r p e r , e_t f i i - ,
1988; H a r r i s , &£ ai. , 1989a; M a n c h e s t e r , £t &!• , 1 9 8 7 ; Okay, ££3^., 1984;
Robert s , fi£ ai. . 1986).

The mechani sm by which PCDDs and PCDFs exert t h e i r e f f e c t s i s s i m i l a r t o
the mechanism propo s ed for s teroid hormones. PCDDs and PCDFs are
l i p o p h i l i c m o l e c u l e s that p a s s i v e l y d i f f u s e across t h e c e l l u l a r membrane
and into the c y t o s o l i c compartment of the targe t c e l l ( P o l a n d and Knut son ,
1982). Once in the c y t o s o l , the congener or l igand binds to the Ah
r e c e p t o r which r e s u l t s in both the t r a n s f o r m a t i o n of the r e c e p t o r into a
DMA b inding p r o t e i n and the t rans loca t ion of the l i g a n d - A h rec ep tor
c o m p l e x into the nucleus of the ce l l ( H a r r i s , &£ aj,. , 1989a; H a r r i s , &£
al. , 1989b; Okey, e£ al- , 1 9 7 9 ; Oke«, ££, al- , 1980). The nuclear
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l i g a n d - A h r e c e p t o r c o m p l f c x then int erac t s w i th s p e c i f i c D N A sequences
termed d iox in r e spon s iv e e l emen t s ( D R E a ) vhlch r e s u l t s In ehe I n i t i a t i o n
of t r a n s c r i p t i o n . T h i s mechanism i s veil charac t er iz ed for the i n d u c t i o n
o£ cytochrome P^t 50 - d e p e n d e n t raonooxygenase s , S p e c i f i c DELEs have been
i d e n t i f i e d in the 5 - f l a n k i n g region of the cytochroae P450 gene and
b ind ing of the l i g a n d - A h r e c e p t o r c o m p l e x to DREs has been demons tra t ed
( I s r a e l and V h i t l o c k , 1984; Israe l and V h i t l o c k , 1983; Vh it Lock , 1986;
Vh c lvck. 1987; t f h i t l o c k . 1988; t f h l t l o c k . 1989; t f h i t l o c k and

. 1984).

toxic Equivalent F a c t o r s

Severa l s t u d i e s have shown that the various dioxin isomers bind to the Ah
r e c e p t o r with d i f f e r e n t e f f i c i e n c i e s . C o n s e q u e n t l y , t h e mechanism o f
ac t i on d e s c r i b e d above d r a m a t i c a l l y a f f e c t s t h e h e a l t h risk a s s e s smen t
p r o c e s s a s I t s u g g e s t s that n o t a l l F C D D s / P C D F s a r e e q u a l l y p o t e n t . T h i s
f a c t c o m p l i c a t e s t h e r i sk a s s e s smen t p r o c e s s because P C D D s a n d P C D F s a r e
g e n e r a l l y f o u n d in the environment as mixture s c on ta in ing any number of
the p o s s i b l e 210 congeners . Because of the d i f f i c u l t i e s in a s s e s s i n g the
human h e a l t h risk f r o m exposure co mixtures of P C D D s and PCDFs, the OSEPA
devi s ed a s y s t e m to a s s i g n p o t e n c y values f or the many d i f f e r e n t congeners
pr e s en t In these mix ture s . T h i s sy s t em ranks the p o t e n c y o f I n d i v i d u a l
congeners r e l a t i v e t o 2 , 3 , 7 , 8 - t e t r a c h l o r o d l b e n z o - p - d i o x i n ( 2 , 3 , 7 , 8 - T C D D )
( B a m e s , ££ a j , . . 1989; S a f e , i £ aJL. , 1 9 8 9 a ; S a f e , &£ a l . , I 9 8 9 b ) .
2.3.7 , 8 - T C D D was chosen as the s tandard as numerous s t ud i e s have
i d e n t i f i e d thi s congener as the most toxic member of the PCDDs and PCDFs
(Poland and K n u t s o n , 1982). T h e s e potency values are termed toxic
equivalent f a c t o r s (TEFs) and are derived from in vitro and in vivo data .

The type of da ta used to derive TEFs inc lude s but is not l imi t ed to the
f o l l o w i n g ; 1) induc t ion of eytochrome P 4 5 0 - d e p e n d e n t monooxygenase s in
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both human and rodent c e l l cu l ture as veil as In animal m o d e l s 2)
l a m u n o t o x i c I t y in mice 3) body we ight l o s s in a varie ty of animal mode l s
4) reproduct ive t ox i c i ty in mice and 5) recep tor-b inding s tudie s . To
obtain a 2 , 3 , 7 , 8 - T C D D toxic equivalency value for a given congener in a
mixture, the TEF value t t ab l i sh ed by EPA is m u l t i p l i e d by the
c onc en tra t i on of the individual congener in a mixture. For e x a m p l e , the
current TEF for o c e a c h l o r o d i b e n z o - p - d i o x i n (OCDD) i s 0.001. T h e r e f o r e ,
20.000 ppb of OCDD is t h e o r e t i c a l l y equal to 20 ppb of 2 . 3 , 7 , 8 - T C D D
( 2 0 , 0 0 0 x 0.001 - 2 0 ) . T h i s p r o c e s s i s then r e p e a t e d for each I n d i v i d u a l
congener or «ach s e p a r a t e c l a s s of congeners and the values ( 2 , 3 , 7 , 8 - T C D D
tox i c equivalents or T E Q s ) summed to arrive at an e s t ima t e of tha toxic
po t ency of the mixture. In 1989, the EPA revised the 1987 TEFs. A
compari son of the values is l i s t e d in T a b l e 4*1.

T a b l e 4-1 i l l u s t r a t e s the d i s t i n c t d i f f e r e n c e s between the 1987 and 1989
T E F values p r e p a r e d b y E P A . T h e s e d i f f e r e n c e s i n c l u d e ; I ) v a l u e s o f zero
f o r a l l n o n - 2 , 3 , 7 , 3 - s u b s t i t u t e d congeners 2 ) d i f f e r e n t T E F s f o r 1 , 2 , 3 , 7 , 8 -
and 2 , 3 , 4 , 7 , 8 - P e C D F s and 3) increas ing the TEF value for 2 , 3 , ? , 8 -
s ub s t i t u t ed hexa and h e p t a congeners. Though these changes represent
d i s t i n c t d i f f e r e n c e s f rom tha 1987 EPA-TEFs, most are unl ike ly to
s i g n i f i c a n t l y a f f e c t t h e e s t i m a t e s o f human h e a l t h ri^ks & t contaminated
s i t e s ( v i t h t h e p o s s i b l e e x c e p t i o n o f t h e h e p t a m o d i f i c a t i o n ) . H o w e v e r ,
a f o u r t h m o d i f i c a t i o n , namely in cr ea s ing th* OCDD/OCDF TEF f r o m aero t o
0.001 r e p r e s e n t s a d r a m a t i c d e p a r t u r e f r o m t h e 1 9 f t ? E F A - T E F values a n d
could s i g n i f i c a n t l y i m p a c t h e a l t h ri sk e s t i m a t e s i t s i t e s tha t contain
d e t e c t a b l e l e v e l s o f these compounds.
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TABU 4-1
C O P A K I S Q U O f T H E 1987 E P A - T E F ' s A N D T H E R E V I S E D

1909 I - T E F ' « F O R P O i O ' s A J O P C D F ' s

Congener

H t t w - . D i - , and TrlCOO
2,3,7,8-iajDOther T C O O s

Other P s Q W s
2 , 3 . 7 , 8 - H x C d d *Other HxCOO*
2 , 3 , 7 , 9 - H p C O O sOther H p C O O s

OCOD
Mono-, O f - , a n d rr iCOF
2 , 3 , 7 . 8 - T r D F
Cther T C O F *

2 , 3 . 4 , 7 , 8 - P e C O FOther ' . C,
2,3,7.8-. ..!,•Other H x C O F s

Other K p C O f a
OCOF

I n t e r n a t i o n a l • T E F s
* t a b l e adapt ed f r c n Barnea

E P A - T E F ' 4 (1987)

0
1.0
0.01
O.S
0.005
0.040.004
0.001
0.0001
0
0
0.1
0.01
0.10.1
0.00
0.010.0001
0.0010.00001
0

U I l - t 1*8*

I - T t f ' s (1939)

0
1.0
0
O.S
0
0.10
0,010
0,001
0
0.1
0
0.050.5
0
0.1
0
0.01
0
0.001
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4.2 Adverse H e a l t h E f f e c t s

T h e f o l l o w i n g s e c t i ons describe t h e adverse h e a l t h e f f e c t s a s s o c ia t ed wlr.h
exposure to 2 , 3 , 7 , 8 - T C D D and O C D D . As d e s c r i b e d In S e c t i o n 3.0, 1CDD i s
t r e a t e d as a s e p a r a t e i n d i c a t o r chemical in th i s r e eva lua t ion.

4.2.1 A c u n e T o j c i c i t v : A n i m a l s

Acute t o x i c i ty is d e f i n e d as a brie f exposure ' p o s s i b l y a s ingl e exposure)
to high concentrations of a p o t e n t i a l l y hazardous chemical. Data
de s cr ib ing the toxic e f f e c t s a s soc iated with exposure to mixtures of PCDDs
and PCDFs is somewhat l i m i t e d . H o w e v e r , an abundance of d a t a e x i s t s
d e s c r i b i n g t h e t o x i c i t y a s s o c i a t e d vi th 2 , 3 , 7 , 8 - t e t r a e h l o r o -
d i b e n z o - p - d i o x i n ( 2 , 3 , 7 , 8 - T C D D ) exposure .

2 . 3 .7_. 8_^TCDP

T h e l e t h a l i t y a s s o c ia t ed wi th 2 , 3 , 7 , 8 - T C D D varies w i d e l y among d i f f e r e n t
spec i e s . T a b l e 4-2 l i s t s some U>50 values for exposure to 2 , 3 , 7 , 8 - T C D D in
various spec i e s . In all s p e c i e s , the e f f e c t s of l e t h a l doses of
2 , 3 , 7 , 8 - T C D D g e n e r a l l y occur f o l l o w i n g a 1 week l a t e n t p e r i o d . The
s p e c i e s s p e c i f i c i t y de s cr ibed in T a b l e 4-2 does no t r e f l e c t d i f f e r e n c e s
in the l e v e l s of the dryl hydrocarbon (Ah) r e c e p t o r ( G a s i e w i c z and Rucci,
1 9 8 4 ) . Other t ox i c a f f e c t s that are a s s o c i a t e d wi th acute expo sure to
2 , 3 , 7 , 8 - T C D D i n c l u d e w a s t i n g syndrome , thymic i n v o l u t i o n , i m B u n o t o x i c i t y ,
chloracne and t e r a t o g e n i c i t y .

W a s t i n g syndrome is one of the most characteri s t ic symptoms of
2 , 3 , 7 , 8 - T C D D t o x i c i t y f o l l o w i n g admini s tra t ion o f s u f f i c i e n t l y high doses
( G o l d s t e i n and S a f e , 1 9 8 9 ) . W h i l e the exact mechanism of t o x i c i ty o f
2 , 3 , 7 , 8 - T C D D is not known, a subs tantial amount of evidence sugge s t that
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TABLE 4-2
S E L E C T E D L D 5 0 ' S F O R 2 . 3 , 7 , 8 - T C B D

IN SEVERAL S P E C I E S *

S p e c i e s ( M g / k g >

Guinea F i g
Rat
MonkeyRabbit
H o u s eB u l l f r o g
H a m s t e r

0.6 -2
22 - 4570
115114 - 284
>10001154 - 5000

*data taken G o l d s t e i n a n d S a f e * 1989

the toxic a f f e c t s o f 2 , 3 , 7 , 8 - T C D D and re la t ed compounds s egr ega t e vith the
Ah locus ( P o l a n d and G l o v e r , 1980; Poland and K n u t s o n , 1982).

OCE.D

A c u t e t o x i c i t y daca p e r t a i n i n g to OCDD is l i m i t e d . S c h v e t z , e£ a^. ( 1 9 7 3 )
reported that admini s trat ion of as much as 1.0 g / k g of OCDD to rats did
not cause s i g n i f i c a n t t o x i c i t y .

4.3 Non-Carc inogeni c Chronic T o x i c l t y / B i o c h e m i c a l E f f e c t s : A n i m a l s

Chronic t o x i c / b i o c h e m i c a l e f f e c t s a r e a s s o c ia t ed vith l o n g - t e r m exposure
to r e l a t i v e l y low level s of a p o t e n t i a l l y hazardous substance.
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2 . J . 7 . 8 ~ T C D P

Chronic toxic e f f e c t s have been r e p o r t e d f o r 2 , 3 , 7 , 8 - T C D D . S p r a g u e - D a v l e y
rats fed 0.1 M 8 A g / d « y of 2 . 3 , 7 , 8 - T C D D for 2 years e xh ib i t ed a number of
toxic e f f e c t s i n c l u d i n g ; increased m o r t a l i t y , d e crea s ed weight gain,
s l i g h t d e p r e s s i o n o f e r y t h t o i d p a r a m e t e r s , increased excre t ion o f
p o r p h y i n s and d - a m i n o l e v u l i n i c a c i d , increased seruo a c t i v i t i e s of
a l k a l i n e p h o p h a t a s e . g - g l u t a m y i t r a n s f e r a s e and ^ lu taa i c -pyruv l c
transaminase. Moreover, h i s t o p a t h o l o g i c changes vere observed in h e p a t i c ,
l y n p h o l d . r t s p i r a t o r y a n d vascular t i s su e s ( K o c i b a , e j t i l . , 1 9 7 8 ) .

QCDD

H o n - c a r c i n o g e n i c tox i c and b iochemical e f f e c t s have a l s o been a s s o c i a t e d
w i t h chronic a d m i n i s t r a t i o n or OCDD to ra t s . Couture &£ aj, ( 1 9 8 8 )
observed t r e a t m e n t - r e l a t e d c y t o p l a s m i c f a t t y vacuo l i za t i on o f th e liver
in male F i s c h e r 344 ra t s f o l l o w i n g chronic a d m i n i s t r a t i o n of OCDD (50

J i g / k g I 5 d a y s / v e e k for 13 w e e k s ) . Moreover , h e p a t tc cytochrooe
P 4 5 0 - d e p e n d e n t monooxygenase a c t iv i ty was e l eva t ed 4 0 - f o l d compared to
control groups as de t ermined by e thoxyre sor of In 0 - d e e t h y l a s e (EROD)
a c t i v i t y ( C o u t u r e , & £ & ! • . 1 9 8 8 ) . R e c e n t l y . V e r m e l i n g e r e _ £ & i . ( 1 9 9 0 ) h a s
al so reported that chronic admini s t ra t i on of OCDD (800 ppb in f e e d )
r e s u l t e d In a s u b s t a n t i a l I n c r e a s e in EROD a c t i v i t y ( t f e r m e l l n g e r , &£
S i - , 1 9 9 0 ) .

A . 4 Acut e /Chroni c T o x i c l f c y : Humans

The d a t a d e s c r i b i n g human expo sure c c 2 , 3 , 7 , 8 - T C D D comes p r i m a r i l y f r o m
workers who have bee*. e xpo s ed dur ing o c cupa t i ona l a c c i d e n t s .
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I n t e r p r e t a t i o n of these d a t f t should be done with caution as there is
uncer tainty r egard ing the exact level of exposure to 2 , 3 , 7 , 8 - T C D D .
K o r e o v j r , workers are g e n e r a l l y e xpo s ed to a vide varie ty of contaminants.
T o x i c r e spons e s in humans r e s u l t i n g f r o m o c cupat ional expo sure tc
2 , 3 , 7 , 8 - T C D D i n c l u d e ; ch loracne , p o r p h y r i a cutanea t a r d a ,
h y p e r p i g m e n t a t i o n , a l t e r e d liver f u n c t i o n and n e u r o l o g i c a l p r o b l e m s
( B l e i b e r g , $£ f t l . , 1964; H o s e s , ££ al. , 1984; Pazderova Y e j l u p k o v a , e_£
a_i., 1981; S i n g e r , ££ f i j , . , 1 9 8 2 ) .

T h e r e is no data in the l i t erature de scr ib ing acute/chronic t o x i c i t y of
OCDD in humans.

4.5 Carcinogenic E f f e c t s : Animal s

2 3 . 7 . 8 - T C P D

The r e s u l t s o f a two-year chronic o n c o g e n i c i t y f e e d i n g s t u d y (0.1
f g A g / d a y ) in rat s s u g g e s t e d that 2 , 3 , 7 , 8 - T C D D increased th e incidence o f
h e p a t o c e l l u l a r carcinoma and squamous c e l l carcinomas of the l u n g , hard
p a l a t e / n a s a l turbinates and tongue. I n t e r e s t i n g l y , 2 , 3 , 7 , 8 - T C D D exposure
r e su l t ed in a decreased incidence of tumors in the p i t u i t a r y , uterus.
mammary g l a n d s , pancreas and adrenal g l a n d . Rats fed l e s s er doses of
2 . ^ , 7 . 8 - T C D D (0.01 and 0.001 . U g / k g / a a y ) had reduced responses than those
r e p o r t e d for 0.1 Hg/kg/t*y ( K o c i b a . s£ a J L - , 1978).

H e b e r t e j t f l l - ( 1 9 9 0 ) r e c e n t l y i n v e s t i g a t e d t h e t umor-promo t ing a b i l i t y o f
2 , 3 . 7 . 8 - T C D D . 2 . 3 . 4 , 7 , 8 - p a n t a c h l o r o d i b e n z o f u r a n ( 2 , 3 , 4 . 7 , 8 - P e C D F ) a n d
1 . 2 . 3 , 4 . 7 . 8 - h e x a c h l o r o - d i b e n z Q f u r a n ( 1 , 2 , 3 . 4 . 7 , 8 - H x C D F ) i n f e m a l e H R S / J
h a i r l e s s mice. The r e s u l t s o f thi s s t u d y i n d i c a t e d that al l 3 congeners
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vere po t en t p r o m o t e r s of squaaous cel l p a p i l l o m a s in animals that vere
i n i t i a t e d vith N - m e t h y l - N ' - n i t r o - N - n i t r o s o g u a n i d i n e ( M N N G ) . However , n o
f » a p i l l o m a s were observed in animals not f i r s t in i t i ted vith MNNG but
created vith the congeners. T h e s e d a t a s u g g e s t that P C D D s and PCDFs are
not c o m p l e t e carcinogens but rather promot er s of the carcinogenic p r o c e s s ,
the order of po t ency for the 3 congeners vas d e t e rmined to be:
2 , 3 , 7 , 8 - T C D D > 2 , 3 , 4 , 7 , 8 - P e C D F > 1 , 2 , 3 , 4 . 7 . 8 - H x C D D ( H e b e r t , £ £ &±.. 1 9 9 0 )
and Is in accordance v i th e s t a b l i s h e d s t r u c t u r e - a c t i v i t y r e l a t i o n s h i p s
( M a s o n , e_£ ai., 1 9 8 5 ) .

QCDD

The only carc inogenic a v a i l a b l e p e r t a i n i n g to OCDD vere r e p o r t e d by K i n g
ej£ &1 ( 1 9 7 3 ) . The e f f e c t of the OCDD as a c o m p l e t e carcinogen and as a
p r o m o t e r vere i n v e s t i g a t e d using mouse skin tumor f o r m a t i o n as e n d p o i n t .
S v i s s - W e b s t e r mice (30 f e m a l e and 30 m a l e ) vere " p a i n t e d " 3 t i m e s veek ly
vi th OCDD (0.2 ml of a 0.2 aig/ml s o l u t i o n for 60 v e e k s ) . To t e s t for
p r o m o t i o n a l a c t i v i t y , the nice vere f i r s t t r e a t e d vith 50 mg of
d i m e n t h y l b e n z a t h r a c e n e (DMBA) prior to e xpo sure to OCDD for 59 veeks. No
p a p i l l o m a s or carcinomas vere d e t e c t e d in e i t h e r e x p e r i m e n t a l p r o t o c o l .
H o w e v e r , in the c o m p l e t e c a r c i n o g e n e s i s s t u d y . 1 subcutaneous tumor vaa
observed in each of the sexes. In the promot ional s t u d y , 3 subcutaneous
t u f f l o r s vere observed in the male mice. T h i s d a t a s u g g e s t s • at OCDD is
not an i n i t i a t o r or p r o m o t e r of car c inogane s i s in mice.

4.6 Carcinogenic E f f e c t s : Humans

The I n t e r n a t i o n a l Agency f or Research on Cancer has c l a s s i f i e d
2 . 3 , 7 . 8 - T C D D as p o s s i b l y being carc inogenic in humans. Hovever.
c o n f l i c t i n g d a t a e x i s t s in the l i t e r a t u r e p e r t a i n i n g to the carcinogenic
e f f e c t s o f P C D D s and PCDFs in humans. C a s e - c o n t r o l s t ud i e s of vorkers in
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S w e d e n expo s ed to phenoxy h e r b i c i d e s or c h l o r o p h e n o l s r e p o r t e d
s i g n i f i c a n t l y increased risks of s o f t - t i s s u e sarcomas and m a l i g n a n t
lymphomas ( E r i c k s s o n , ££ a l . . 1931; H a r d e l l , &t al.. 1981; H a r d e l l and
S a n d i t r o a , 1 9 7 9 ) . H o w e v e r , case-control s tud i e s I n N e w Z e a l a n d f a i l e d t o
c o n f i r m increases in s o f t - t i s s u e sarcoma in workers expo s ed to phenoxy
herbic ide s ( S m i t h , &£ & 1 - , 1982; S m i t h and Pearce. 1986). An KCI
case-control s tudy of agricul tural use of herbicides in K a n s a s ,
d e m o n s t r a t e d an a s s o c i a t i o n between the use of p h e n o x y a c e t i c acid
h e r b i c i d e s a n d n o n - H o d g k i n s lyaphoma ( e s p e c i a l l y wi th 2 , 4 - D ) . H o w e v e r ,
a c orre la t i on beCveen the s e h e r b i c i d e s and s o f t - t i s s u e sarcoma or
H o d g U i n ' s d i s e a s e v a s n o t ob s erved. I n t e r e s t i n g l y , 2 , 4 - D does n o t contain
2 . 3 . 7 , 8 - T C D D ( H o a r , A £ A l - . 1 9 8 6 ; K e e n a n . e ^ a j , . , 1 9 8 9 ) .

QCDD

T h e r e are no r e p o r t s in the l i t e r a t u r e d e s c r i b i n g carcinogenic e f f e c t s o f
OCDD in humans.

4.7 M e t a b o l i s m and D i s p o s i t i o n of TCDDs and PCDFs

^.7.1 H e t a b o l i a m

2 . . 5 . 7 . 8 - T C P P

S e v e r a l a e t a b o l i t e s a r i s ing f r o a oanuaalian m e t a b o l i s m o f 2 , 3 , 7 , 8 - T C D D have
been r e p o r t e d i n c l u d i n g ; 2 - h y d r o x y - 3 , 7 . 8 - t r i c h l o r o d i b e n z o - p - d ! o x i n ,
2 - h y d r o x y - l , 3 , 7 , 8 - t e t r a c h l o r o d i b f t n 2 o - p - d i o x i n , l - h y d r o x y l - 2 , 3 , 7 , 8 -
t e t r a c h l o r o d i b e n z o - p - d i o x i n . d i p h e n y l e th er s a n d 4 . 5 - d i c h l o r o c a t e c h o l
( H e a l . a£ ai-, 1984; P o i g e r and Buser, 1984; p o i g t r , &£ a j , . , 1 9 8 2 ) . in
vivo and in vitro oxidative mr be 1 ism of 2 , 3 , 7 , 8 - T C D D does not re sul t in
s i g n i f i c a n t adduct f onoat io t -*.th RNA. DNA or prote in ( G u e n t h n e r , e^ a^.,
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1 9 7 9 ; Poland and G l o v e r , 1 9 7 9 ) . Two m e t a b o l i t e s name ly ,
2 - h y d r o * y - 3 , 7 f 8 - t r i c h l o r o - d i b e n z o - p - d i o x i n and 2 ~ h y d r o x y - l , 3 , 7 , 8 - t e t r a -
e h l o r o d i b e n z o - p - d i o x i n have been shown to be non-toxic at do s e s up to 5000

M g A g in ra t s . 2 - h y d r o x y - 3 , 7 , 8 - t r i c h l o r o d i b e n z o - p - d i o x i n induced EROD
a c t i v i t y in cats but vas at l e a s t 3 orders of m a g n i t u d e l e s s p o t e n t than
2 , 3 , 7 , 8 - T C D D ( M a s o n a n d S a f e , 1 9 8 6 ) . T h e s e r e s u l t s s ugge s t that
m e t a b o l i s m doe s no t p l a y a m a j o r role in the t o x i c i t y o f 2 , 3 , 7 , 8 - T C D D .

QSW.

BimbauB and C o u t u r e ( 1 9 8 8 ) r e c e n t l y i n v e s t i g a t e . the m e t a b o l i s m of OCUD
in ra t s . T h i s group r e p o r t e d that e x t ra c t s f r o m t i s sue s o f rat s t r ea t ed
vith [ U C]OCDD revealed a s i n g l e band o f r a d i o a c t i v i t y which co-migra t ed
v i th th e OCDD s t a n d a r d . In a d d i t i o n , no [ U C ] C 0 2 or other rad io l a b e l e d
v o l a t i l e s were d e t e c t e d f o l l o w i n g a d m i n i s t r a t i o n o f [ K C ] O C D D (Bimbaum
and Cou tur e , 1 9 8 8 ) . The authors r epor t that some r a d i o a c t i v i t y vas
d e t e c t e d in the urine of the rats but due to the low s p e c i f i c a c t i v i t y of
t h e [ K C ] O C D D c o n f i r m a t i o n o f a m e t a b o l i t e w a s n o t p o s s i b l e .

4.7.2 D i s p o s i t i o n

2 . _ 3 . 7 . b - T C D D

F o l l o w i n g a s i n g l e oral do s e o f 1 .0 M g / k g o f [ M C ] - 2 . 3 . 7 . 8 - T C D D t o rat s
4 C a c t i v i t y could be d e t e c t e d in f a c e s bu t not in urine. Moreover '4

a c t i v i t y vas p r i m a r i l y l o c a t e d in the l iver and a d i p o s e t i s s u e a n d ' the
h a l f - l i f e for ['*C]-2.3.7.8-TCDD vas c a l c u l a t e d to be 31 ± 6 daya
R e p e a t e d oral do s e s a l s o r e s u l t e d in the m a j o r ex cre t i on route b e ing f f t c e s
though so»e r a d i o a c t i v i t y was d e t e c t e d in urine. The h a l f - l i f e f o l l o w i n g
m u l t i p l e a d m i n i s t r a t i o n o f ( U C ] - 2 , 3 ( 7 . S - T C D D va s c a l c u l a t e d t o b a 23 7
days ( R o s e , e^ai., 1 9 7 6 ) . R e c e n t l y . A b r a h a m e j , U . ^89) s u g g e s t e d that
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the route of exposure dramat i ca l ly e f f e c t s the accumulation of PCDDs and
P C D F 3 ( i n a mixture) I n hepat i c a n d adipo s e tissue. Moreover, ' h e
p e r c e n t a g e of each congener a c c u m u l a t i n g in h e p a t i c and a d i p o s e t i s sue
varied d e p e n d i n g on c h l o r i n a t i o n . The grea t er the ch lor inat ion the
grea t er the accumulat ion in h e p a t i c t i s sue vas the general trend for
t e t r a , p e n t a , hexa and h e p t a s u b s t i t u t e d congeners. Brevader e£ al.
( 1 9 8 8 ) r e c e n t l y d e s c r i b e d t h e d i s p o s i t i o n o f 2 , 3 , 4 , 7 , 8 - F e C D F i n Rhesus
Monkey f o l l o w i n g a s i n g l e i.v. i n j e c t i o n . The congener vas c l eared
r a p i d l y f r om the b lood and vas d i s t r i b u t e d to the l iv er , skin, a d i p o s e and
ausele t i s uu e s . As noted for 2 . 3 , 7 , 8 - T C D D . excret ion vas p r i m a r i l y v ia
the f e c e s vith a minimum whole body h a l f - l i f e of % 38 days (Brawster, e£
ai-. 1988).

QSBD

R e c e n t l y , the d i s p o s i t i o n of OCDD was i n v e s t i g a t e d in male Pischer 344
ra t s (Birnbaum and C o u t u r e , 1 9 8 8 ) . As vi th 2 , 3 , 7 , 8 - T C D D and
2 , 3 , 4 , 7 , 3 - P e G D F , t h e primary ex cre t i on route f o l l o w i n g oral admini s t . Cion
vas f e c e s . The m a j o r i t y of the a d m i n i s t e r e d OCDD that was absorbed was
found in l iver, a d i p o s e and skin t i s sue . The w h o l e - b o d y h a l f - l i f e
f o l l o w i n g oral admini s t ra t i on vas p r e d i c t e d to be 3-5 months. W e r r a e l i n g e r
et al. ( 1 9 9 0 ) reported that based on l i v e r / a d i p o s e concentration ratios ,
OCDD p r e f e r e n t i a l l y accumulates in h e p a t i c tissue of rats. I n t e r e s t i n g l y ,
OCDD was f ound to p a r t i t i o n into h e p a t i c t i s s u e to a g r e a t e r ex t ent than
2 , 3 , 7 . 8 - T C D D .

4.8 Hazard I d e n t i f i c a t i o n : Summary

The 1989 EA used the 1987 TEFs to d e t e rmine 2 , 3 , 7 , 8 - a q u i v a l e n c e in s o i l .
T h i s review wi l l u s e t h e u p d a t e d 1989 T E F s . 2 , 3 , 7 , 8 - T C D D , t h e most
characterized member of the FCDDs an. PCDFs, exhibit s p o t e n t acute and
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chronic t ox i c i ty in animal m o d e l s . E p i d e m i o l o g i c a l data de scr ib ing human
acute/chronic toxic e f f e c t s caused by 2 , 3 , 7 , 8 - T C D D is weak but does
sugges t some non-cancer hea l th hazards. Treatment of animals vith
2 , 3 , 7 , 8 - T C D D has been associated vith the occurrence of a variety of
n e o p l a s t i c lesions. However, e p i d e m i o l o g y studies are inconclusive in
determining whether or not 2 , 3 , 7 , 3 - T C D D is indeed a human carcinogen.
N e v e r t h e l e s s . IARC has labe l ed 2 » 3 , 7 , S - T G D D as a probable human
carcinogen. M e t a b o l i t e s are thought to p l a y l i t t l e or no role in the
t ox i c i ty of 2 , 3 , 7 , 8 - T C D D and no me tabo l i t e s were d e t e c t e d in OCDO treated
rat s . As p r e d i c t e d by s t r u c t u r e - A h r e c e p t o r b inding r e l a t i o n s h i p s ( M a s o n ,
£ t , ai-, 1 9 8 6 ) , OCDD i s s u b s t a n t i a l l y l e s s po t en t than 2 , 3 , 7 , 8 - T C D D .
H o w e v e r , m u l t i p l e a d m i n i s t r a t i o n o f th i s congener r e s u l t s in several
"dioxin" l i k e r e spon s e s i n c l u d i n g : 1) the induc t i on of cytochroiae P450-
d e p e n d e n t monooxygenase a c t i v i t y (EROD a c t i v i t y ) and 2) m i l d
h e p a t o t o x i c i t y . Moreover, this congener t e n d s to a c cumula t e in rat
h e p a t i c and a d i p o s e t i s s u e .
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5 . 0 DOSE R E S P O N S E A S S E S S M E N T

D o s e - r e s p o n s e a s s e s sment i s the p r o c e s s o f c h a r a c t e r i z i n g the r e l a t i o n s h i p
between the dose of an agent and the a n t i c i p a t e d incidence of an adverse
h e a l t h e f f e c t in an expo s ed p o p u l a t i o n (Preua s and E h r l i c h , 1 9 8 7 ) . The
bulk of our knowledge about the d o s e - r e s p o n s e r e l a t i o n s h i p is based on
d a t a c o l l e c t e d f r o m animal s t u d i e s and t h e o r e t i c a l p r e c e p t s about what
might occur in humans. Moreover , m a t h e m a t i c a l m o d e l s are used to e s t i m a t e
the p o s s i b l e r e s p o n s e at l e v e l s belov those t e s t e d in an imal s ,
t ia i ta t i ons of the mode l s inc lude; 1) uncertainty in e x t r a p o l a t i o n of
r e su l t s obtained f r om animal da ta to the human, p o p u l a t i o n and 2)
e x t r a p o l a t i n g responses obtained from h igh-do s e s t u d i e s to e s t imat e
responses at very low dose s .

H i s t o r i c a l l y , there have been tvo approache s to e s t imat ing risk l eve l s
f rom exposure to toxic a g e n t s . One approach involves ca l cu la t ing an
a c c e p t a b l e d a i l y intake ( A D I ) b y a p p l y i n g a s a f e t y f a c t o r t o d o s e s o f t h e
agent that did not p roduc e an observed e f f e c t in l a b o r a t o r y animal* (no
observed e f f e c t s l e v e l , N O E L ) . T h i s a p p r o a c h I s t y p i - s l l y used f o r
noncarcinogenic tox ic e f f e c t s . The second a p p r o a c h r e l i e s on the use o f
m a t h e m a t i c a l m o d e l s t o e x t r a p o l a t e e x p e r i m e n t a l d o s e - r e s p o n s e i n f o r m a t i o n
ob ta ined f r o m animal e x p o s u r e s t u d i e s u s ing h igh d o s a g e l e v e l s t o the l ov
l e v e l s l i k e l y t o encountered by human p o p u l a t i o n s . T h i s l a t t e r a p p r o a c h
is o f t e n used for carc inogens and g e n e r a l l y assumes that there is not
t h r e s h o l d for the r e s p o n s e be ing e x t r a p o l a t e d ; that i s . any d o s e , no
m a t t e r hov s m a l l , v i l l po s e some ri sk.

The 1989 EA does not contain a d e t a i l e d d i s c u s s i o n r e g a r d i n g d o s e - r e s p o n s e
a s s e s sment o f PCDD and PGDF e f f e c t s . S u c h a d i s c u s s i o n i s c r i t i c a l to
thi s r evaluat ion in l i g h t of the revised dose r e s p o n s e c r i t e r ia used to
derive the r e f i n e d cancer risk e s t i m a t e s in th i s document . The f o l l o w i n g

thunter
008795



A B K f f O O D 19B& E S D A H G E B M E M T
A S S E S S X E O T E V A L U A T I O N
S E P T E M B E R 12. 1990
PAGE 5 - 2

d i s c u s s dose r e spons e as s e s sment o f non-cancer and cancer e f f e c t s

5 .1 A c c e p t a b l e Dai ly I n t a k e s

As d i s c u s s e d p r e v i o u s l y , 2 , 3 . 7 , 8 - T C D D ha s a var i e ty o f tox ic e f f e c t s on
l a b o r a t o r y t e s t a n i m a l s , I n c l u d i n g e m b r y o t o x i c i t y a n d t e t r a t o g e n i c i t y .
E f f e c t s have a l s o been observed in various organs and sy s t ems i n c l u d i n g
the t h y r o i d , l iver , and skin, as well as the ismune s y s t e m . Only the
2 , 3 , 7 , 8 - T C D D and A mixture o f HCDD I s o m e r s have been d e m o n s t r a t e d to b e
animal ca c inogen s .

N o r m a l l y , an ADI is not der ived f r o m a NOEL for compounds that have been
found to be carc inogenic . However 2 , 3 , 7 , 8 has not been proved to be an
i n i t i a t o r o f n e o p l a s t i c growth. I n l i g h t o f t h i s f a c t , several agenc i e s
have f o u n d it a p p r o p r i a t e to use a NOEL to c a l c u l a t e a g u i d e l i n e or
s t a n d a r d . For 2 , 3 , 7 . 8 - T C D D . a NOEL of 1 n g / k g o f b o d y ve ight per day in
rat s has been r e p o r t e d in both a t h r e e - g e n e r a t i o n r e p r o d u c t i o n s t u d y by
Murray e_t aj. and a 2-year oncogenic s t u d y by K s c i b a . On the bas i s of
t h e s e s t u d i e s , r e g u l a t o r y agenc i e s i n C a n a d a , T r * * N e t h e r l a n d s , G e r m a n y ,
and e l s ewhere have d e v e l o p e d g u i d e l i n e s or s t a n d a r d s by a p p l y i n g s a f e t y
f a c t o r s ranging f r o m 100 to 1000 to the NOEL. A NOEL of 0.18 # g / K g - d a y
has been r e p o r t a d for a mixture of HGDDs t e s t e d in ra t s . K O E L s have not
been d e t e r m i n e d f or o th er PCDD and PCDF i somer s . A l i s t o f th e g u i d e l i n e s
e s t a b l i s h e d by r e g u l a t o r y a g e n c i e s or p u b l i s h e d by various authors u s ing
t h e A D I / N O E L a p p r o a c h i s p r o v i d e d i n T a b l e 5-1.
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tABLE 5-1
F O R 2 , 3 , 7 , 8 - T C D D U S E D

BT VARIOUS REGULATING AGEHICIES

A g e n c y

C a n a d a

T h e N e t h e r l a n d s

K i m b r o u g h( C D C )
N Y S D O H

W e s t Germany

Basis

NOEL of 1 n g / k g - d a y
s a f e t y f a c t o r o f 100
N O E L o f 1 n g / K g - d a ys a f e t y f a c t o r o f 2 5 0

of 1 .8 n g / k g - d a ys a f e t y f a c t o r o f 1000
N O E L o f 1 n g / K g - d a y

s a f e t y f a c t o r o f 5 0 0
N O E L o f 1 n g / K g - d a y

S a f e t y f a c t o r o f
100-1000

ADI

4 P g / K g - d a y

* P S A g - d a y

2 P g / K g - d a y

10 p g / K g - d a y

5.2 E x t r a p o l a t J ^ g Carcinogenic Risks fro* H i g h - D o s a g e Bioassays

R e g u l a t o r y a g e n c i e s have g e n e r a l l y assumed tha t a g e n t s vhich are
carc inogenic shou ld b< t r e a t e d as i f they do not d i s p l a y t h r e s h o l d s . To
e s t i m a t e the t h e o r e t i c a l l y p l a u s i b l e r e spon s e at the s e lov d o s e s , various
mathematica.1 m o d e l s a r e e m p l o y e d . T h e D S E P A g e n e r a l l y uses t h e l in ear i z ed
m u l t i s t a g e model f or l ov dose e x t r a p o l a t i o n (Munro and K r e v s k i 1 9 8 1 )
T h i s model assumes that the e f f e c t of the carcinogenic ;ent on tumor
f o r m a t i o n as seen at h igh d o s e 8 in animal d a t a is b a s i c a l l y the same at
lov d o s e s , i.e.. the a l o p e of a d o s e - r e s p o n s e curve can be e x t r a p o l a t e d
downward in a l inear manner.
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T h e U S E P A , t h e Cen t e r s f o r D i s e a s e Contro l ( C D C ) a n d t h e F o o d a n d Drug
A d m i n i s t r a t i o n ( P D A ) have p e r f o r m e d d o s e - r e s p o n s e a s s e s sment s o f
2 , 3 , 7 , 8 - T C D D . The 0SEPA and CDC used th e l i n e a r i z e d m u l t i s t a g e model t o
e s t i m a t e the d o s e - r e s p o n s e r e l a t i o n s h i p for l o w - l e v e l s o f human exposure
and is based on data obtained in roden t s at h igh do s e s . In c o n t r a s t , the
F D A u t i l i z e s t h e l inear I n t e r p o l a t i o n aode l . T h e p u r p o s e o f t h e s e m o d e l s
Is t o e s t i m a t e t h e maximum p o s s i b l e l inear s l o p e ( t h e 95% u p p e r c o n f i d e n c e
I t a l t ) o f the d o s e - r e s p o n s e curve in the l ow dose range. T h e r e f o r e , It
I s l i k e l y that the se m o d e l s o v e r e s t i m a t e rather than u n d e r e s t i m a t e t h e
actual cancer ri sk po s ed by 2 , 3 , 7 , 8 - T C D D and r e l a t e d congeners . The
cancer p o t e n c y f i g u r e used by the OSEFA is 1.56 x 10 s ( m g / k g / d a y ) * 1 and was
produc ed by the m u l t i s t a g e m o d e l . The d a t a input into the nod el was based
on the g e ome t r i c mean of tvo p a t h o l o g i s t s v ' D r . K o c i b a and Dr. S q u i r e )
I n t e r p r e t a t i o n s o f t i s s u e s l i d e s f r o m K o c i b a e t & ! • ( 1 9 7 8 ) d a t a f o r f e m a l e
ra t s u s ing p o o l e d tumor t y p e s ( K e e n a n , £ t si-, 1 9 8 9 ) .

It i s i m p o r t a n t t o e m p h a s i z e that u s e o f the l i n e a r i z e d m u l t i s t a g e mode l
i s l i k e l y to b e I n a p p r o p r i a t e f or low dose e x t r a p o l a t i o n s involving
2 , 3 , 7 , 8 - T C D D , i n c l u d i n g : 1 ) t h e model f o r c e s l i n e a r i t y a t l o w d o s e s ,
l i n e a r i t y should not be a p p l i e d to c h e m i c a l s tha t act through a r e c ep t or-
m e d i a t e d event, and 2) the model does not account for the r ever s ib l e
behavior of p r o m o t e r s or the " t h r e s h o l d " concept tha t a p p l i e s to promo t e r
ac t ion ( P a u s t e n b a c h && aj,. 1 9 & 6 ) . As noted above, i t a p p e a r s a s i f
2 , 3 , 7 , 8 - T C D D is a p r o m o t e r rather than an i n i t i a t o r of the carc inogenic
p r o c e s s ( H e b a r t e^ ai., 1 9 9 0 ) .

5.3 Revised Cancer Potency F a c t o r for TCDD

R e c e n t l y , th e t i s s u j s l i d e s f r o m the K o c i b a ££ a i . ( 1 9 7 8 ) s c u d y were
re eva lua t ed by an i n d e p e n d e n t P a t h o l o g y W o r k i n g G r o u p ( P V G ) u s ing th e
current N T P c l a s s i f i c a t i o n scheme f o r p r o l i f e r a t i v e l e s i o n s i n rodent
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h e p a t i c t i s sue ( K e e n a n , e t &£. , 1 9 9 0 ) . The u p d a t e d g u i d e l i n e s nov
d i s t i n g u i s h between h y p e r p l & s i a and an adenoma. H y p e r p l a s i a i s g e n e r a l l y
r egarded as a n o n - n e o p l a s t i c r e spons e to d eg enera t iv e changes in the liver
vhile «n adenoma is a benign condi t ion in which the c e l l s in question are
s t i l l c l ear ly d i f f e r e n t i a t e d . The revaluation of the Kociba && gl .
( 1 9 7 8 ) d a t a produced s i g n i f i c a n t d i f f e r e n c e s in the type of tumors
d e t e c t e d as veil as the number to tumors d e t e c t e d . Based on this
ree v a l u a t i o n , K e e n a n at al . ( 1 9 9 0 ) has r e c a l c u l a t e d the cancer p o t e n c y
f a c t o r ( C P F ) f o r 2 , 3 , 7 . 8 - T C D D . D e p e n d i n g o n t h e var iab l e s used ( t o t a l
h e p a t i c l e s i o n s vs h a p a t o c e l l u l a r carcinoma and overal l incidences of
l e s i o n s v s s u r v i v a l - a d j u s t e d i n c i d e n c e s ) , revised CPF value s ranged f r oa
1500 to 9700 ( n g A f t / d i y ) * 1 - Th«»* value* s u g g e s t t ha t 2 , 3 , 7 , 8 - T C D D is 16-
100 t imes l e s s p o t e n t than o r i g i n a l l y t h o u g h t . T h e s e revised values are
gaining accep tance in the r egu la tory community. R e c e n t l y , the s t a t e of
G e o r g i a , with s uppor t f r o m the CDC, raised the ambient water qua l i ty
cri teria for d lox in based on the new CPF of 9,700 ( m g A g / d a y ) " 1 . For the
purpo s e s of thi s review a CPF of 9,700 ( o g / k g / d a y ) " 1 wi l l be used to as se s s
d i o x i n r e l a t e d h e a l t h r i sks .

Dosa -Respon s e A s s e s s m e n t : Summary

N o r m a l l y , an AD I is not derived f r o n t a NOEL for compounds that have been
f ound to be carcinogenic. H o w e v e r , 2 , 3 , 7 , 8 - T C D D has not been shown to be
an in i t ia t or of n e o p l a s t i c growth. tn l i g h t of this f a c t , several
agencies have found it a p p r o p r i a t e Co use a NOEL to ca l cu la t e a gu id e l in e
or s tandard ( r a n g i n g f r om 1-10 p g / K g - d a y ) . The USE PA has used dose-
re spons e a s s e s sment to e s t i m a t e the carcinogenic p o t e n c y o f 2 , 3 . 7 , 8 - T C D D .
O r i g i n a l e s t i m a t e s s u g g e s t that t h e cancer p o t e n c y f a c t o r f o r 2 , 3 , 7 , 8 - T C D D
was 1.56 x 10 s ( m g A g - d a y ) " 1 . A r e v a l u a t i o n of the K o c i b a &£ aJL ( 1 9 7 8 )
d a t a i n d i c a t e s that 2 , 3 , 7 , 8 - T C D D i s a much l e s s p o t e n t carcinogen than
o r i g i n a l l y s u g g e s t e d . T h e cancer p o t e n c y f a c t o r ( C P F ) i s more l i k e l y i n
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th e range o f 1500-9700 ( a a g / k g - d a y ) " 1 - A CPF o f 9,700 (f f lgAg/day)" 1 i f
gaining ac c ep tance w i th in the r egu la t ory community. T h i s value v l l l be
used to evaluate PCDD/PCDF h e a l t h risk at the Arkvood s i t e .
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6 . 0 EXPOSURE A S S E S S M E N T

Exposure a s s e s sment , as d e f i n e d by the N a t i o n a l Academy of Sciences
( 1 9 8 3 ) , is the proce s s of measuring or e s t i m a t i n g the i n t e n s i t y ,
f r equency, and duration of human exposure to an agent currently present
in the environment. "In its most c o m p l e t e f o r m , exposure a s s e s sment
should d e s cr i b e the m a g n i t u d e , d u r a t i o n , s c h e d u l e , and route of e xpo sure;
the s i r e , n a t u r e , and c l a s s e s of the p o p u l a t i o n s e x p o s e d ; and the
u n c e r t a i n t i e s i n a l l e s t i m a t e s " ( H A S , 1 9 6 3 ) . A c c o r d i n g l y , thi s s e c t ion
of the review d i s c u s s e s the manner in which the P C D D s and PCDFs d i s t r i b u c e
and d e g r a d e in the environment ( S e c t i o n 6 . 1 ) and the e s t i m a t e d f r e q u e n c y
of contact between p o t e n t i a l v i s i t o r s to the s i t e and the environment*!
media ( S e c t i o n 6 . 2 ) . T h e s e exposure e s t i m a t e s , when combined with
s i t e - s p e c i f i c environmental PCDD and PCDF concentrations, provide the
basis f o r a s s e s s i n g P C D D a n d P C D F u p t a k e a n d h e a l t h risks ( S e c t i o n 6 . 7 ) .
Many of the exposure e s t i m a t e s pre sented in S e c t i o n 6.2 are r e f i n e m e n t s
of the a s s u m p t i o n s used in the 1989 EA. T h e s e r e f i n e m e n t s are based
p r i m a r i l y on l i t e r a t u r e r e p o r t s which have been p u b l i s h e d since c o m p l e t i o n
of the EA. T a b l e 6-1 contains a sumaary of the e xpo sure p a r a m e t e r s used
in th i s a s s e s sment and p r o v i d e s a c o m p a r i s o n to the values used in the
1989 EA.

6.1 F a t o and T r a n s p o r t

P C D D s and PCDFs are l i p o p h i l i c molecu l e s and as such are very insoluble
in water. Moreover , P C D D s and PCDFs are r e s i s t a n t to a var i e ty of harsh
condi t ions i n c l u d i n g a c i d , base and heat t r e a t m e n t s . It has been
e s t i m a t e d tha t 99.99% d e s t r u c t i o n o f c e t r a - s u b s t t t u t e d m o l e c u l e s occurs
when t e m p e r a t u r e s reach 977* C ( S h a u b and T s a n g , 1 9 8 3 ) . P C D D s and PCDFs
have been shown to undergo p h o t o l y t i c d e g r a d a t i o n . H o w e v e r , the p h o t o l y t i t
d e c o m p o s i t i o n of P C D D s and PCDFs is e x t r e m e l y d e p e n d e n t on the surrounding
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conditions i.e., solvents used and the presence of hydrogen donors (Dobba
and G r a n t , 1979; Hung and I n g r a m , 1990). I n t e r e s t i n g l y , p h o t o l y s i s o f
OCDD r e s u l t e d in the r e p l a c e m e n t of a l a t e r a l Chlor ine atom ( 2 , 3 , 7 , 8 -
p o s l t i o n s ) vi th a H y d r o g e n atoa which s u g g e s t s that the f o r m a t i o n o f
2 , 3 , 7 , 8 - T C D D f r o m h igher ch l or ina t ed congeners ( I . e . , O C D D ) does n o t occur
e a s i l y under condi t i on s used in the l a bora t ory ( H u n g and I n g r a m , 1 9 9 0 ) .
2 , 3 , 7 , 8 - T C D D exh ib i t s a vapor pre s sure that would s u g g e s t reduced
v o l a t i l i t y ( 2 , 0 2 x 10"7 Pa at 25" C). however this compound doe s v o l a t i l i z e
at aabiant soil temperatures (Freeman and S c h r o y , 1985). 2 , 3 , 7 , 8 - T C D D in
the vapor phase is p r e d i c t e d co p h o t o l y z e r a p i d l y vith a sugge s t ed
h a l f - l i f e of 58 min. ( P o d o i l , f l£ al.. 1986). 2 , 3 , 7 , 8 - T C D D has a soil
p a r t i t i o n c o e f f i c i e n t on the order of 106 and thus b ind s t i g h t l y to soil
( B u r g , 1 9 8 S ) . Moreover, th e extent o f b inding o f 2 , 3 , 7 , 8 - T C D D *.u s o i l s
may be a f f e c t e d by such f a c t o r s as the p e r c e n t a g e of carbon in the s o i l ,
t h e p a r t i c l e s i z e , and th e p a r t i c l e m o r p h o l o g y ( B a m e s , 1 9 8 3 ) .

The 1989 EA assumed that d iox in concentrat ions in Arkvood s o i l s remain
cons tant over time. R e c e n t l y , C e r l e s i e t a l . ( 1 9 8 9 ) c a l c u l a t e d the
h a l f - l i f e o f 2 , 3 , 7 , 8 - T C D D in soil a t S e v e s o , I t a l y . Seve s o i s t h e s i t e
of an exp lo s ion which occurred during the synthes i s of 2 , 4 , 5 '
tr i cnlorophenol ( 2 . 4 , 5 - T ) a t e h e G i v a u d a n - H o f f m a n - t a R o c h e I C H E S A p l a n t .
It was c a l c u l a t e d that a p p r o x i m a t e l y 1.2 kg of 2 , 3 , 7 , 8 - T C D D was d e p o s i t e d
in and around the p l a n t srsa. C e r l e s i et al. ( 1 9 8 9 ) , u s ing d a t a ob ta ined
f r o m th i s s i t e , s u g g e s t e d a h a l f - l i f e o f 2 , 3 , 7 , 8 - T C D D in soil o f 6 .2 - 16
years ( C e r l e s i , g£ $±., 1 9 8 9 ) . T h a a a r e s u l t s are c omparab l e to other
h a l f - l i f e d e t e r m i n a t i o n s o f 2 . 3 . 7 . 8 - T C D D i n soil ( K e a m y , 1 9 7 2 ; Y o u n g ,
1 9 8 3 ) . For tne p u r p o s e s of thi s review, a soil h a l f - l i f e of 16 years w i l l
be used to c a l c u l a t e soil c onc en tra t i on s for the various age group s
con s id er ed in thi s a s s e s s m e n t .
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Fs.te. and

The 1989 EA assumed that soil concentra t ions of PCDDs/PCDFs remained
cons tant over a 70 year exposure . H o w e v e r , 2 , 3 , 7 , 8 - T C D D and OCDD have
been shown to be s u s c e p t i b l e to p h o t o l y s i s and a review of the l i t era ture
i n d i c a t e s that d toy. in in soil d e g r a d e s w i th a 'n&lf-lif-s of 16 years or
l e s s . For the p u r p o s e o f th i s review, the P C D D s and ? C D F s w i l l be assumed
to have an environmental h a l f - l i f e of 16 years .

6.2 Pathways and Retires of Exposures

Exposure pathways are the Beans through which an individual may come into
contact with a chemical in He environment ( e . g . , d r i n k i n g contaminat ed
water f r o m a w e l l ) . Routes o f e xpo sur e d e s c r i b e the means through which
the chemical gains entry to the body via a p a r t i c u l a r p a t h w a y ( e . g . ,
dermal a b s o r p t i o n o f a s o i l - bound chemical w h i l e g a r d e n i n g ) .

T h i s s e c t ion d e s c r i b e s al l o f the p o t e n t i a l p a t h w a y s and routes o f human
exposure to the PCDDs and PCDFs at the Arkwood s i te . The quant i ta t ive
as s e s sment of e xpo sur e , combined with a k n o w l e d g e o f the FCDD and FCDF
concentra t i on s pr e s en t a t the s i t e , p r o v i d e s the basi s f or e s t i m a t i n g
d a i l y PCDD and PCDF uptake and any a s soc ia ted hea l th risks. S i n c e P C D D s
and PCDFs were not d e t e c t e d in the groundwat er or s u r f a c e water at the
s i t s , the 1989 EA i d e n t i f i e d two p o t e n t i a l p a t h w a y s o f e x p o s u r e to s i t e -
r e l a t e d PCDDs and PCDFs: dermal and oral a b s o r p t i o n f r o m s o i l .
A c c o r d i n g l y , t h e s e p a t h w a y s w i l l b e a d d r e s s e d q u a n t i t a t i v e l y i n c l u d e d in
t h i s review.
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6.2.1 Expo sure V i a I n g e s t I o n

S o i l I n g e s t I o n Rates

Exposure to P C D D s and PCDFs at the Arkwoo^ s i t e may occur through
I n g e s t i o . of contaminated soil either during recreational or occupational
a c t i v i t i e s . I n g e s t I o n o f soil g e n e r a l l y i s c o n f i n e d t o c h i l d r e n uatveen
the ages of 1.5 to 6 years of age and th i s is a r e s u l t of the t endency of
c h i l d r e n at this age to mouth and chew f o r e i g n o b j e c t s . M o r e o v e r , several
f a c t o r s can i n f l u e n c e t h i s behavior i n c l u d i n g nu tr i t i ona l and economic
s t a t u s as we l l as race ( C h a r n e y , et. a l . . 1 9 8 0 ) . A var i e ty of e s t i m a t e s
have besn p r o p o s e d for the amount of s^il i n g e s t e d by young c h i l d r e n .
O r i g i n a l l y , the CDC p r o p o s e d as much as 10 g / d a y of soil was ing e s t ed by
c h i l d r e n between the ages of 1 and 3.5 whi l e c h i l d r e n 3.5 and 5 years of
age were assumed to inge s t 1 g / d a y of s o i l . H o w e v e r , F a u s t e n b a c h ec. aj^
( 1 9 8 6 ) c a l c u l a t e d that i f t h e s e a s s u m p t i o n s by CDC were correc t , then 80%
of the entire l i f e t i m e dose of a. n o n - v o l a t i l e , h y d r o p h o b i a chemical
p r e s e n t in soil would occur during the f i r s t 5 years of l i f e ( F a u s t e n b a c h ,
e t . a l . . 1 9 8 6 ) . Other group s have a t t e m p t e d to e s t i m a t e the soil in take
by chi ldren inc luding: NRC, 40 m g / d a y ; Day g£ aj,. ( 1 9 7 5 ) , 100 s^ /day;
B r y c e - S m i t h ( 1 9 7 4 ) , 3 3 m g / d a y ; H a w l e y ( 1 9 8 5 ) , 1 0 0 m g / d a y .

The 1989 EA assumed chat ch i ldren ingest 200 m g / d a y and a d u l t s ingest 100
m g / d a y , based o n v a l u e s s u g g e s t e d i n t h e U S E P A ' s 1988 S u p e r f u n d E x p o s u r e
A s s e s s m e n t M a n u a l . H o w e v e r , recent r e p o r t s s u g g e s t that soil i n g a s t i o n
occurs at a much lower rate. R e c e n t l y , Calabre s e et ai- ( 1 9 8 9 ) conducted
a rigorous s t u d y to de t ermine the amount of soil that was t y p i c a l l y
i n g e s t e d by c h i l d r e n . T h i s group u t i l i z e d the measurement o f tracer
elements in the f e c e s of 64 hea l thy chi ldren between the ages of 1 and 4
years . T h i s s t u d y was more d e f i n i t i v e than pr ior i n v e s t i g a t i o n s because
it ana lyzed the d i e t of th<s c h i l d r e n , a s sayed for the pre s ence of tracers
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in the d i a p e r s , a s sayed house dus t and surrounding s o i l , and corrected for
the p h a r m a c o k i n e t t c s of the tracer m a t e r i a l s . Eight tracer e l ement s were
measured in this i t u d y though three e l ement s namely. Si, Al and Y gave the
best p e r c e n t a g e of recovery ( c l o s e to 100%) and the lowes t s tandard
dev ia t i on . Based on the r e s u l t s of two of the three most r e l i a b l e
t r a c e r s , the amoun". of soil inge s t i on by c h i l d r e n (2-4 years of age) was
found to average a p p r o x i m a t e l y 25 m g / d a y .

A d u l t s do not g e n e r a l l y inges t soil and thus the ir intake of p o t e n t i a l l y
c o n t a m i n a t e d soil would be quite low ( V e r m e e r and F r a t e , 1 9 7 9 ) . Moreover,
even taking into account poor hygiene and eating s o i l - c o n t a a i n a t e d f o o d ,
the 100 f f lg/day f i g u r e s u g g e s t e d by CDC for u&i in e s t i m a t i n g soil intake
by a d o l e s c e n t s and a d u l t s seems high. A f i g u r e of 5 m g / d a y for
a d o l e s c e n t s and a d u l t s i£ reasonable i f , as soue have s u g g e s t e d , a d u l t s
i n g e s t i o n 10% of the amount of d ir t eaten by c h i l d r e n . T h e r e f o r e , the
f o l l o w i n g soil i n g e s t i o n ra t e s w i l l be used in t h i s review.

Age Group( y e a r s )

0-6
6-12
12-70

25
5
5
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t h e i n g e s t l o n rate o f 25 s a g / d a y i s derived f r o m C a l a b r e s e ' s ( 1 9 8 9 ) tracer
s t u d y , »,nd the 5 m g / d a y value is baaed on the a s s u m p t i o n that a d u l t s and
a d o l e s c e n t s inges t soil at a rate of 10% that of c h i l d r e n .

o f _ 2 L t 'L 1 , 8 - TCDD

The e s t i m a t e of oral b i o a v a i l a b i l i t y of so i l-bound FCDDs and PCDFs is an
impor tant p a r a m e t e r in the risk as se s sment p r o c e s s . Numerous
i n v e s t i g a t o r s have r e p o r t e d a var i e ty o f b i o a v a i l a b i l i t y f i g u r e s f or
s o i l -bound 2 , 3 , 7 , 8 - T C D D . F o r e x a m p l e , Lucier £ £ a l . ( 1 9 8 6 ) s u g g e s t e d t h e
b i o a v a i l & b i l i t y o f 2 , 3 , 7 , 8 - T C D D vas dose d e p e n d e n t : 24% u p t a k e at a dose
of 1 M g A g and 50% at 5 J i g / k g ( t u c i e r , ej; â ,. , 1 9 8 6 ) . H o r e o v e r , U m b r e i t
££ a^. ( 1 9 8 6 ) r e p o r t e d that b i o a v a i l a b i l i t y of 2 , 3 , 7 , 8 - T C D D varied between
s a f f l p ' - f i s i t e s . F o r e x a m p l e , a b i o a v a i l a b i l i t y o f 0.05% f o r 2 , 3 , 7 , 8 - T C D D
va s r e p o r t e d f or soil taken f r o m a New J e r s e y m a n u f a c t u r i n g s i t e whereas
soil taken f r o m a s a l v a g e yard in N e w a r k had an oral b i o a v a i l a b i l i t y of
21%. T h e s e d i f f e r e n c e s are l i k e l y due to the varying l e v e l s of organic
content o f t h e s o i l s f r o m d i f f e r e n t s i t e s . As ment ioned e a r l i e r , t h e
a f f i n i t y o f d i o x i n for soil increase s a s the organic content o f the soil
increase s . I n t e r e s t i n g l y , i f the organic s were removed f r o m the soil
taken f r o m th e New J e r s e y m a n u f a c t u r i n g s i t e t h e b i o a v a i l a b i l i t y increased
to a p p r o x i m a t e l y 23%. R e c e n t l y , Shu e_t a.l. ( 1 9 8 8 ) s u g g e s t e d an
a p p r o p r i a t e oral b i o a v a i l a b i l i t y f a c t o r f o r 2 , 3 , 7 , 8 - T C D D w a s 4 3 % ( S h u , g £
a l . , 1 9 8 8 a ) . An oral b i o a v a i l a b i l i t y f a c t o r o f 50% was used for a l l PCDDs
and PCDFs in the 1989 EA. In th i s review, an oral b i o a v a i l a b i l i t y f a c t o r
of 50% vi l l be used for al l d iox in !seiners ex c ep t OCDD and OCDF. As
described bs lov, animal exposure s tudie s have shown that the oral
b i o a v a i l a b i l i t y of OCDD and OCDF is much lower than that of 2 , 3 , 7 , 8 - T C D D .
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F i g u r e 1 . V o l u m e - d e p e n d e n t a b s o r p t i o n o f OCDD. Theveh i c l e was corn oil and a constant dose of11.5 [ig/kg was used for all volumes t e s t ed.
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Oral B i o a v a i l a b i l i t Y of OCDD

Some recent s tudies indicate that the oral b i oava i lab i l i ty of OCDD is much
lower than that of 2 , 3 , 7 , 8 - T C D D and other P C D D s and PCDFs (Birnbaum &
Couture . 1988). Oral a b s o r p t i o n of OCDD s u s p e n d e d in corn oil was
r e p o r t e d to be non-l inear between do s e s of 500 and 5000 J l g A g - K o r e o v a r ,
never was more than 10% of the a d m i n i s t e r e d dose absorbed by the
g a s t r o i n t e s t i n a l t ra c t . A subsequent report (Bimbaum and C o u t u r e , 1988)
s u g g e s t e d that oral a b s o r p t i o n of OCDD was d e p e n d e n t on the volume of the
carrier material (in this case corn o i l ) used. F i g u r e 1 i l l u s t r a t e s the
a b s o r p t i o n o f 11.5 JJg/kg o f OCDD a d m i n i s t e r e d in d i f f e r e n t volumes o f corn
oil to male F i s c h e r 344 ra t s .

T h i s d a t a i l l u s t r a t e s tha t a s the d o s i n g volume increase s ( t h e amount o f
corn oil OCDD is s u s p e n d e d in) the a b s o r p t i o n or b i o a v a l l a b i l i t y of OCDD
increa s e s . The a b s o r p t i o n of OCDD in the 5 s l A g t r e a t m e n t group is
a p p r o x i m a t e l y 7 - f o l d greater than the I m l A g treatment group. The same
e f f e c t wa s observed using a m u l t i p l e d o s i n g p r o t o c o l ( d a t a no t shown).
To summarize the work of Birnbaum & C o u t u r e :

Oral a b s o r p t i o n of OCDD s u s p e n d e d in corn oil was f ound to neverexceed 10%.
OCDD oral a b s o r p t i o n increased as the volume corn oil used tosu spend OCDD increa s ed . The large s t ab sorpt ion was observed at
a volume of 5 m l / k g -

G i v e the r e l a t i v e l y s m a l l volumes of soil i n g e s t e d on a d a i l y ba s i s , i t
would seea a p p r o p r i a t e to use a b i^avai lab i l i ty value of much le s s than
1 0 % f o r O C D D . T h e U S E P A . i n " I n t e r i m Procedure s f o r E s t i m a t i n g Risks
A s s o c i a t e d wi th Expo sur e s t o M i x t u r e s o f C h l o r i n a t e d D i b e n z o - p - d l o x i n s and
-Dibenzo furans" a c k n o w l e d g e s t h e l i m i t e d b i o a v a i l a b i l i t y o f t h e h i g h l y

teas
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c h l o r i n a t e d d iox in isomers and s u g g e s t s
a s s e s s i n g environmental h e a l t h risks: th i s be cons idered when

"The increased TEF for OCDD/F ignores th e issue o f r e l a t i v eb i o a v a i l a b i l i t y of CDD/CDF congener s , which have not been
thoroughly i n v e s t i g a t e d , tower r e l a t i v e b i o a v a i l a b i l i t y o f th eh e p t a - and o c ta- f o r m s compared to the t e t r a - f o r m s vould
g e n e r a l l y reduce t h e concern f o r T E Q e s t i m a t e ! f o r i . a m p l e s such
as tho s e which are d o m i n a t e d by the h e p t a - and oc ta- f o r m s .Research in th i s area is needed to re so lve t h i s p o i n t . '

' I n s a m p l e s taken f r o m b i o l o g i c a l organisms e x p o s e d t o P C P -contaminat ed s o i l s in Region IX, t h e T E Q s ware w i t h i n a f a c t o r
of tvo of each o t h e r , when c a l c u l a t e d by the I-TEF/89 method ort h e E P A - T E F / 8 7 me thod . A l t h o u g h t h e d a t a a r e l i m i t e d , they
a p p e a r to s u g g e s t that the d i f f e r e n c e s in T E Q s observed in the
P C P - c o n t a m i n a t e d soil s a m p l e s are not observed in t i s s u e s ororgani sms e x p o s e d to t h i s soi l .**

T h e s e above observat ions are c r i t i c a l to an accurate a s s e s sment of h e a l t h
risks at s i t e s that are p r i n c i p a l l y c o n t a m i n a t e d by the h i g h l y c h l o r i n a t e d
d i o x i n i somers.

Based o n t h e r e s u l t s o f Bimbaum a n d Couture ' s s t u d i e s , a n oral
b l o a v a i l a b i l i t y f a c t o r of 1% wi l l be used for i n g e s t i o n of soil bound
OCDD. The use of t h i s f a c t o r takes into account the f o l l o w i n g : 1) the
d a t a d e s c r i b e d above tha t s u g g e s t s that the b i o a v a i l a b i l i t y o f pore OCDD
is l e s s than 10%, and 2) soil -bound OCDD is l i k e l y to be auch l e s s
b i o a v a i l a b l e than OCDD s u s p e n d e d in corn o i l .

€.2.2 Exposure via A b s o r p t i o n

B i o a v a i I a b i l , ] , t Y

A number o f parame t er* I n f l u e n c e the d e g r e e o f b l o a v a U a b i l l t y o f P C D D s
and PCDFs I n c l u d i n g ; a g i n g o f th e s o i l , .oil t y p e , contaminant, and the
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PCDD/PCDF concentrat ion in the s o i l . T h e r e are several r e p o r t s in the
l i t e r a t u r e d e s c r i b i n g the dermal a b s o r p t i o n o f 2 , 3 , 7 , 8 - T C D D in rat s .
P o i g e r and S c h l a t t o r ( 1 9 8 0 ) observed that as the darmal dose of
2 . 3 , 7 , 8 - T C D D ( i n s o i l ) increased, t h e l iver concentrations o f 2 , 3 , 7 , 8 - T C D D
I n c r e a s e d f r o m 0.05 to 2.2% of .̂ie admin i s t e r ed dose ( P o i g e r and
S e h l a t t e r . 1980), Kimbrough e£ aj , . (1984). based on the Poiger and
S c h l a t t e r ( 1 9 8 0 ) s t u d y e s t i m a t e d a dermal b i o a v a i i a b i l i t y o f I I f o r
heaans. Shu && aj,. ( 1 9 3 8 ) a l so inve s t iga t ed the dermal b ioavai iab i l i ty
of 2 , 3 , 7 , 8 - T C D D in the rat. T h i s group conc luded tha t dernal a b s o r p t i o n
of 2 , 3 , 7 , 8 - T C D D was time d e p e n d e n t as dermal p ene t ra t i on f o l l o w i n g 4 hours
of skin contact vas 60% of tha t f o l l o w i n g 24 hour of contact (p < 0 . 0 5 ) .
Moreover , th i s group i n d i c a t e d tha t dermal a b s o r p t i o n o f 2 , 3 , 7 , 8 - T C D D
f o i l o v i n g 24 hours of skin contact vas a p p r o x i m a t e l y 1%. H o v e v e r , the
authors s t a t e that t h i s e s t i m a t e i s very l i k e l y to o v e r e s t i m a t e human
exposure to 2 , 3 , 7 , 8 - T C D D via sk in, since there i s general agreement among
re searchers that rat and rabbit skin are more p e r m e a b l e to many chemica l s
than human skin ( S h u , g£ & 1 - , 1 9 8 8 b ) .

S p e c i f i c a l l y , several r e p o r t s have s u g g e s t e d that rat skin may be at l a a s t
1 0 - f o l d more p e r m e a b l e than human skin ( B a r t e k , at f t l - . 1972; Barcek and
La B u d d e , 1 9 7 5 ) . Moreover, it has deen r e p o r t e d that the d i f f e r e n c e ia
p e r m e a b i l i t y between rat and human skin vas g r e a t e r for l i p i d - s o l u b l e
compounds than for w a t e r - s o l u b l e compounds . C o m p a r i s o n o f the
p e r m e a b i l i t y o f several compounds i n c l u d i n g th e l i p o p h i i i c h a l o p r o g l n and
w a t e r - s o l u b l e a c e t y l c y s t e i n e gave i n t e r e s t i n g r e s u l t s . The rat:human
dermal p e n e t r a t i o n rat io f or th e l i p o p h i i i c h a l o p r o g l n was 9:1. In
c o n t r a s t , the vary vater soluble a c e t y l c y s t e i n e rat:human daraal
p e n e t r a t i o n ratio was 1.4:1 ( B a r t a k . && a j , . , 1972; Bartek and La Buddc ,
1975). T h e s e re sul t s suggest that absorpt ion by human skin of l i p o p h i i i c
chemica l s i s a p p r o x i m a t e l y 1 0 - f o l d l e s s than that of rat skin.
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the 1989 EA assumed a dermal b i o a v a l l a b i l i t y of U for PCDDs/PCDFs in
t o i l , baaed on the Kimbrough e s t i m a t e . A daroal b i o a v a i l a b i l i t y f a c t o r
of 0.1% vill be used in this review for all PCDDs and PCDFs, including
OCDD and OCDF. A* d e s c r i b e d above, a II dermal a b s o r p t i o n of coil-bound
2 . 3 , 7 , 8 - T C D D in rae skin is l i k e l y to be equivalent to an A b s o r p t i o n of
0.10% for humans. A value of 0.101 dermal a b s o r p t i o n for OCDD is
consistent with the observation that dermal absorption of non-vo la t i l e
chemica l s is t y p i c a l l y at l ea s t an order of a a g n x t u d e l e s s than the degree
of oral a b s o r p t i o n .

S o i l Adherence

A n o t h e r p a r a m e t e r which i n f l u e n c e s t h e dermal a b s o r p t i o n o f P C D D a n d P C D F ,
is the amount of soil a d h e r i n g to huoan skin. The 1989 £A used a soil
adherence f a c t o r of 2.0 mg soil per cm2 of skin, based on values sugge s t ed
i n t h e D S E P A ' s 1988 S u p e r f u n d Exposure A s s e s s m e n t M a n u a l . H o w e v e r ,
several other s t u d i e s s u g g e s t chat soil a d h e r e s to skin to a siuch l ea s e r
d e g r e e . Lepov ££ a^. ( 1 9 7 5 ) us ing a d h e s i v e t a p e to s a m p l e a d e f i n e d area
of skin sugge s t ed that the amount of soil adhering to human skin was
a p p r o x i m a t e l y 0.5 ag/ca 2 (Lepov aj^. . 1 9 7 5 ) . F u r t h e r m o r e , the
C a l i f o r n i a D e p a r t m e n t o f H e a l t h Serv i c e s T o x i c S u b s t a n c e s Control Divis ion
e s t i m a t e d that a p p r o x i m a t e l y 0.9 e g / c m 2 of soil adhere s to the hands of
chi ldren (average age was 11) ( S e r v i c e s , 1986). In a d d i t i o n , several
s t u d i e s have been p u b l i s h e d which d e s c r i b e the e f f e c t o f soil p a r t i c l e
s ixe and organic content of soil on adherence of soil to hunan skin. For
e x a a p l e , Que Uee &£ aj,. ( 1 9 8 5 ) using a var i e ty of s o i l s o f d i f f e r e n t
par t i c l e size sugges t ed that on average, about 0.2 ag/ca 2 of soil was
adher ing to the hand* of aaall a d u l t s (Que Kee, a£ a j . . . 1 9 8 5 ) . Driver &£
aJL. ( 1 9 8 9 ) surveyed various s o i l s o f d i f f e r e n t organic content f o r their
a b i l i t y to adhere to human hands ( a d u l t a a l e ) . It vas d e t ermined that the
average aaount of soil adhering to hunan hands was 0.6 ag/ca 2 (un* l a v e d ) .
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T h u a , the a v a i l a b l e l i t e r a t u r e s u g g e s t s that the amount of soil adhering
to the handi of human* is between 0.2 and 0.9 ag/cm 2 (Driver, at l i - ,
1 9 S 9 ) . T h e r e f o r e , for thi* review, a value of 0.5 m g / c n 2 seems a
reasonable e s t ima t e for the amount of soil adher ing to the human skin.

f i . 3 Residence L i f e t i m e

The 1989 EA assumed that the sane individual could visit the s i t e on a
regular bas i s throughout a 70-year l i f e t i m e . P r e s u m a b l y , such an
ind iv idua l would be a nearby r e s i d e n t . As de s cr ib ed in the 1988 S u p e r f u n d
Exposure A s s e s s m e n t M a n u a l , 95% o f th e general U.S. p o p u l a t i o n remains in
a s i n g l e residence for 30 years or les s . Consequent ly, for the purpose s
of t h i s review, it w i l l be assumed that the durat ion of r egular v i s i t s to
the s i t e could be no more than 30 years.

T a b l e 6-1 conta ins a sunmary of the expo sure p a r a m e t e r s used in t h i s
assessment and in the 1989 EA.
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7.0 CALCULATION OF EXPOSURE POIHT COHGEHTHATIOHS

T h i s s ec t ion describe* the m e t h o d o l o g i e s used to derive r e p r e s e n t a t i v e
soil c oncen tra t i on s .

7.1 T e s t for Log H o r u l i t y of PCDD/PCDF Data

S o i l s a m p l e s f or PCDD/PCDF a n a l y s e s vere taken f r o m thre e areas , or s a m p l e
g r i d s , which vere i d e n t i f i e d as B, TC and RC. The ent ire main s i t e is
I d e n t i f i e d a s the B g r i d . The TC g r i d , a. f o r m e r t r e a t m e n t area, i s a
s m a l l area vhich l i e s w i t h i n the main s i t a , and r e p r e s e n t s a p p r o x i m a t e l y
1.3 percent of the main s i t e . RC s a m p l e s vere taken f r o m the sma l l
ra i l r oad d i t c h area, l o c a t e d J u s t o u t s i d e th e northern boundary o f th e
s i t e . T a b l e 7-1 conta in s a summary of the i somer concentra t i on s in the
s u r f i c i a i s a m p l e s taken f r o m each g r i d . 2 , 3 , 7 , 8 - e q u i v a l e n c e s f o r
O C D D / O C D F a n d n o n - O C D D / O C F isoaers a r e l i s t e d , using t h e 1989 T E F s .

As d e s c r i b e d in the 1989 EA. environmental d a t a are u s u a l l y l o g n o r m a l l y
d i s t r i b u t e d . T h i s i s o f t e n due to the pr e s enc e o f a s i g n i f i c a n t number
of n o n - d e t e c t values in the d a t a se t . W h e n d a t a ara l o g n o r m a l l y
d i s t r i b u t e d , the g e o m e t r i c mean i s the a p p r o p r i a t e measure of the central
t e n d e n c y o f tha d a t a . Vhen d a t a are n o r m a l l y d i s t r i b u t e d , the a r i t h m e t i c
mean is the a p p r o p r i a t e measure of the central t e n d e n c y of the d a t a .

In the 1989 EA. ?CDD/PCDF concentra t i on s in s u r f a c e s e l l s were no t t e s t e d
for l o g n o r m a l i t y , but vere assumed co be l o g n o r m a l l y d i s t r i b u t e d and
geome tr i c mean concentrat ions vere used to asses s d i o x i n - r e l a t e d h e a l t h
ri sks . H o w e v e r , in g e n e r a l , a f a i r l y robust cat* set (at l eas t 10
s a m p l e s ) i s required t o c o n c l u s i v e l y d emon i t ra t* l o g n o n n a l i t y . The
l i m i t e d number o f s u r f i c i a i s a m p l e s f r o m the TC grid (3) and the RC grid
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T A B L E 7.tC A L C U L A T I O NCongeners

non 2.3.7,8 TCDFs2.3,7,8 7CEJF
non 2,3,7.8-PeCDFs1,2,3,7,8-PeCDF2,3.4,7.8 PeCDF
non 2 . 3 . 7 . 8 - t l x C D F s* 2 3 4 7 & * H x C D F1 ,2.3,6.7,8 -IfxCDF

1.2 ,3 .7 ,8 ,9-HxCDF
n o n 2 1 3 , 7 , 8 - t i p C D F s1,2,3.4.6.7,8-BpCDF1,2,34.7.8,9-HpCDF

OCDFT E Q s P C D F s
non 23.7.8-TCDDs2 . 3 . 7 . S T C D D

non 2.3,7.8-PeCDDsf.2.3.7,8-PeCDD
non 2,3.7.8 H x C D D st ,2 ,3 ,4 ,7 .8-HxCDD1. 2.3,5.7,8 H x C D D

1. 2.3.7,8.9 -HxCDD
nod 2,3,7^-HpCDOs1. 2,3.4.6.7.8 H p C D D

OCDOTotal TEQsQ C D D / O C D F
T E Q s M G N ~O C D D / O C D F

1933
"U: f B

0
0.1
00.050.5
00.10.10.10.1
00.01O.Qt

0.001

01
00.5
00.1010.1
00.01

0.001

S a m p l econoea( p p b )
B C G r i d /nd "nd
3.7ndnd

12876.7nd
4.5
633t3017
1200

ndnd
ndnd
3862610

5001200
7800

8-*2,3,7,8T C D D(TEOs)
0 - 6 - )

-
0

0067
.

0.46
01.3017

1.23.80
.
-

-
00.6261
012

7.B
9.0

188

OF 2,3,Samplconoen( p p b )
M - T C D D T O X I C E Q U I V & l * : I T Se B-112̂ .7.8-T C D Df T E Q s )

S a m p t e Si 17cancer*
( p p k )

2.3.7.B1CDD(FEOs)BC Grid (0 • 6"J BC Grtet (0 • 6")0047nd
3880.420.3

42.36•> yJ .£.08803612
166.9385 1
390

ndnd
003022
8520986.52
140330

2000

0-
00.0210.15
00.320.0880.0360.12
00.380.051

0.390
1.556
.
•
0

0.11
00.0980.650.2
03.3
22.39

552

ndnd
ndndnd
70nd
ndnd

4088012
700

netnd
ndnd

264nd1536
370
730

4300

-

.

0.

-
00.80Q . t 2

0.7
1.62

.
-
0.

1.6036
07.3

4.35.00

1018

Sample R 25concern.{ p p b ) 2.3./,BT C D Df T E Q s )6C GrkJ (0 • 6")ndnd
88ndnd

257.7I S1 *Jndnd7.3
106421026
1600

ndnd
ndnd

5t.37737
14

700
1400
8100

-

0-
-
01 *>I ><J

073
02.10.26

1.66.19

00.7737
1.4
0
14

819.70

24.46

TOTAL 2,3,7,0-TCDD T E Q S 27.8 7.31 15. te 34.16
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C A L C U L A T I O N O F 2.3,7,8-TCDD T O X I C E Q U I V A L E N T SCongeners

non 2.3.7.&-TCDF32,3.7.8-TCDF
non 2.3.7.8-PeCDFs1.2.3,7.6-PeCDF2,3,4.7.8 PteCOF
non 2.3.7.8 HxCDFs1.2.3,4,7,8 HxCDF1.2.3,6,7.8-HxCDF2.3.4.6,7,8 HxCDF1,2.3.7,8,9 HxCDF
non 2,3,7.8-HpCDFsT , 2.3.4,6,7,8 - H p C D F1 . 2 , 3 4 , 7 , 8 , 9 - H p C D F

OCDFTEQs P C D F s
non 2.3.7.8-TCODs2,3,7,8-TCDD

non 2.3.7.8-PeCDDs1.2,3, 7,B-PeCDD
non 2.3,7.8-HxCDDs1 .2,3,4.7.8 KxCDD1, 2,3.6.7.8 K x C D D1 ,2.3,7.8.9 H x C D D
nort 2.3.7,8-HpCODs1. 2,3.4,6,7.8 H p C D D

OCDDT o t a l TEQSO C D D / O C D F
TED* NON-O C D D / O C D F

1989T E f s

0O.t
00.050.5
00.1O.T010.1
0001oot

0.001

01
00.5
0010101
00.01

0.001

S a m p l econcen.{ppb)
BC Gridndnd
t.1ndnd
492.50.73nd1.8

4198615
3200

ndnd
0010.52

172.514
4.6
230770

5600

B-282.3,7,8-1CDD( T E Q s )(0-6")-

0-
•

00.250.073-
018
00.860.15

3.2
4713

.

00.26
00251.4

0.46
0

7,7
5.688

t i . s e

S a m p l e iconcen.( p p b )
BC GrW (0ndnd

ndndnd
110ndndndnd
477no
t3

920

ndnd
ndnd
61nd19nd

430970
5700

3-332,3,7,8-TCDDf T C Q s )-10-)

_.

0.
.

01.10.13
0.9202.15

.
-
.
-
0.

1.9•
09.7

5.7
6.62

12.83

Sampl econcen.( p p b )
B C G r W (ndnd
ndndnd
925.41 6ndnd

599I S O21
5900

ndnd
072.1
46.2
7.831t3
5001600

7100

A P I23.7.8T C D D( f E Q s f0- 3"J-•
..-
00.540.16-

0
V.60.21
5.9

m•
01.G5
00.783.11.3
0160

7.11300

24.74

S a m p l econcen.
<PE*>)

BCGrWndnd
9.4ndnd

247.32.7ndnd10
1208250

42
2400

ndnd
ndnd

108.9nd165 1
9002300

13000

B-25"
2,3.7.8T C D D( T E C t e )(0-6")--

0--
00.27.-

1.0
02.5Q.42

2.4
6.59

-
r•
0.

1.60.51
023
13

1540

2930

S a m p l e 1concen.( p p b )
B - t r2,3.7,8-T C D D( I C Q s JBC Grid (5 - 6-}ndnd

Q.92ndnd
14ndndndnd

47.6
11
1.4
110

ndnd
ndnd
4.8ndndr>d
40100

670

*•
0-

0.
.
.
•
00.110.014

0.1100.234

-

0.
.

01.0
0.67
0.78

1 12

TOTAL 2,3,7,8-TCDO T 6 Q S 20.36 19.45 37.74 44.70 1.90
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TABLE 7.1 (cant)
Congeners 19891 E F S S a m p l econcert .( p p b )

R2C3";2.3,7.6-
T C D D(TEQs)

San pieconoen.( p p b )
R2C42.3.7,81COO( f E Q s )R C G r i d ( 1 -2.5") n C G r t d ( 0 1.5")non 2 ,3 .7 ,8-TCDFs2 . 3 . 7 . B T C D F

no«2,3.7.8-PeCDFs1.2373-PeCDF2.3,4.7.8 PeCDF
non 2,3.7.8 H < C D F s1.2£,4.7,e-HitCDF1 £ , 3 & 7 ( 8 - t t x C D F2.3.4.6.7 ,8 NxCDFt .2.3.7.6.9 HxCDF
non 2̂ .73- HpCDFs1,2.3,4,6.7.8-HpCDF1,234.7.8. 9 HpCDF

OCDFT E Q s P C O F s
non 23,7,8 T C D O s23.7.8-TCDD

non 2«3.7,8-PeCDD31.2.3.7.8-PeCDO
f t o n 2,3.7>HxCDOs1 ^ 3 ' . 4 ' . 7 ^ - H x C D O1 .2.3.6,7.8 - H x C D D

1. 2.3.7.8.9 H x C D D
f t e m 2.3,7,8-HpCDDst. 2,3.4,6.7.8 H p C D Q

OCDDTotal TEQ*O C D D / O C D F
TEQa N O N -O C D D / O C D F

0o.t
00.0505
00.10.1o.t0.1
0001oot

0.001

01
00.5
0o.to.to.t
00.01

0.001

ndnd
5.6ndnd
20218ndndnd
129426046
7200

ndnd
1.33.7
89226742

16003200
23000

-

0-•
01.8---
02.60046

7.2012.08
.
-
0185
02.26.74?
032

2330.2

5131

029nd
22ndnd

101.981ndl t dnd
56912021

2300

4.3nd
28.72.3
67102914

8001300
9000

0•
0•-
0081--
•
01.20051

230
4.52

0-
01.15
0t.O291 4
0130

9001130

21.67

S a m p t econcen.(Ppb)
R3C32.3.7,81CDD( F E Q s )

RC Grid (0 - 6)ndnd
ndndnd

340ndndndnd
222542055
5100

ndnd
14nd

2S3249031fc*^
30005000

4&GOO

•-

--
0•--•
04.200.55

5.109.85
.
•
0-
02.4903 3«*.«*
0500

46.05t.10

63.45

TOTAL 2.3.7,8-TCDO TEQS 82.01 32.»7 120.55
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A f t J E F O O D 1989 E K D A K G E f i K E H T
A S S E S S H E H T E V A L O A T I O H
S E P T E M B E R 12, 1990
F A C E 7 - 2

( A ) p r e c l u d e t h e d e m o n s t r a t i o n o f a Xognormai da ta s e t f o r these s a m p l e
g r i d s .

The a p p l i c a t i o n o f th e t f t e s t t o th e d i s t r i b u t i o n o f th e FCDD/PCDF d a t a
for the B grid I n d i c a t e that the dioxin concentrations are normally
d i s t r i b u t e d for th i s da ta set. The V test is -a rigorous s t a t i s t i c a l
analy s i s which t e s t s whether a d a t a set has been drawn f r o a an u n d e r l y i n g
normal d i s t r i b u t i o n ( G i l b e r t , 1 9 8 7 ) . Normal d i s t r i b u t i o n o f soil s a m p l e
d a t a f r o m tha B grid was f u r t h e r c o n f i r m e d by p l o t t i n g cumulat ive
f r equenc i e s versus to tal TCDD equivalent concentrations. T h e s e p l o t s
c o n f i r m e d l i n e a r i t y o f t h e n o n * t r a n s f o r m e d da ta ( A p p e n d i x B ) .
A c c o r d i n g l y , for the purpo s e o f th i s review, the a r i t h m e t i c otean
concentrat ions b e l ow were used as r e p r e s e n t a t i v e contaminant
c o n c e n t r a t i o n s .

p p b
G r i d B G r i d TC

OCDD 8.0 4.2
N o n - O C D D 15.4 8.7

G r i d RC

28.5
43.5

As in the 1969 EA, only the s u r f i c l a l r a a p l e s used to c a l c u l a t e the se
concentra t ions . T h i s i s a p p r o p r i a t e since huaan contact w i th soil is
u s u a l l y l i m i t e d to the cop 0-3 inches.
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AEKffOOD 1989 ENDAKGKRHEZ7T
A S S K S S H E B T E V A L D A T I O H
S E P T E M B E R 12. 1990
PACK 7 - 3

7.2 S a m p l e G r i d s

In the 1989 EA. the TC and B grid s were assumed to contribute equa l ly to
the mean concentration at the H a i n S i t e . S i n c e the TC grid c o m p r i s e s only
1.3% of the area of the main s i t e , it seems reasonable to weight the
average concentrations of the B and TC g r i d s a c c o r d i n g l y to derive a
repre sentat ive contaminant concentration for the main s i te. S p e c i f i c a l l y ,
for the p u r p o s e s o f a s s e s s i n g h e a l t h r i sks at the main s i t e , the
r e p i a s e n t & t i v e concentrations for the main s i t e will be the sum of 1.3%
of the mean concentrat ion of the TC grid and 98. ?% of the mean
concentration of the B gr id .

7.3 T i n * - D e p e n d e n t Contaminant Concentrations

The h a l f l i f e o f PCDD/PCDFs in soil vas c on s id er ed in th i s review. A soil
h a l f l i f e of 16 years v«s assumed (Kimbrough et a l . , 1984). The decay
rate constant for a h a l f l i f e of 16 years is 0.043 yr.*1. which r e p r e s e n t s
the constant f ra c t i on degraded per year. Representative soil
c o n c e n t r a t i o n s for each age group over a 70 year l i f e t i m e were derived
using the f o l l o w i n g equation:

V h e r e :
dH
dt
k

H

dt

the amount of chemical d e c a y i n g per unit t i m e
increment of tia*
t h e decay constant ( f r a c t i o n d e g r a d e d p e r t i m e )( k - 0 . 6 9 3 / h a l f l i f e f o r f i r s t order r eac t i on s)h a l f l i f *
the total amount of chemical present at any given time
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AUSOOD 1989 ESDAHGKBHEHT
A S S E S S H E B T E V A L O A I I O N
gEmKBEE 12, 1990F A C E 7 - 4

The i n t e g r a t e d f o rm of th i s equation vas used to c a l c u l a t e the amount of
contaminant remaining A f t e r an average t ime per iod for a l i f e t i m e (0-70
y e a r s ) exposure for each age group e x p o s e d .

I n t e g r a t e d equation:

- ktN
or 2.3 log £ - ktR

V h a r a ;
N °
H
t

amount of chemical at t-o (100%)
perc en t: remaining at t ime t
avarag* age of soil

The c onc en tra t i on of OCDD/OCDF isomara and n o n - O C D D / O C D F isomers used to
c a l c u l a t e h e a l t h ri sks are summarized below.

R«itaro*d D i t c h
Hon-OCOD

C h i l d ( 6 - 1 2 y r i )
A c J u i t (12-70 y r s ) 4.90

pwtcnnei

29.57.44

22.8

H a i n S i t a
ocoo Non-OCDO

5.43
1.37 10.5

2.63
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ABXCOQD 3,989 KBDABCZKHEHT
E V A L D A T I O H12, 19906 - 1

8 . 0 D O f i K C A L O f f l A T I O N A N D H E A L T H R I S K E S T I M A T E S

T h i s .action d e t c r l b a i the a t a c h o d o l o g i a a uxad t o q u a n t i c i t s
u p t a k a <doa«) and anociatad haaich t r i a k t .

8.1 Sean*rioa

u

in th.
und - conduuni

.. V.U .. Eh. uilr^d D i t c h , i. ta 6h. „„ ^
. l i t a to: „ ehlur.n .nd i d u U i ^ (o •

. .„„ 2) rl,k, „ „«„.. p.r tonn. l f ch t ld t.n ^ ,
th. dueh. ^ .... tg§ g r o u p f u igd ^, 171"5 trt u<td in tM§ r9vuw- AU —th. 1989 EA „. r.pro<luc.d „.„. „„ ,„: t i b l 4 6"1 *• Mi

hat. act ai f o l l o w . :

H o
o f i c u l ; for th.

v l i l e th-
8.2 G«n»rml Intakt Etpui t lon

c.ne.r Th.
f th.
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AJUOTOOD 1989 B B U B C l E W f f r
A X S E S S X 3 R EV1L01TIOSf iEFTKXBEM, L2, 1990
PACK 8 - 2

c a l c u l a t e d for each aga group. Oral and dermal tADDa for aach aga group
are ca l cu la t ed according to cha f o l l o w i n g ganaral equation:

V h a r * ;
«r x AT

intake; tht aaunmt of cheHieai ( i g A S bodyv a i g h c * d a y ) at tha axchanga boundary ( « . ( . ,skin or gaatro ia taat inal t r a c t )

chemical c onc en tra t i on; the everege concentration contac t edover the expoiure period ( e . g . , BgAs
V a r t « ) i l « a that r f a i r r t b a th* aomilac ton

CR

EFO

IV
ED

A T

contact r a t a ; tha aaount of contaainatadh i d i u a e o n t a e t a d par unit tiaa or «vtnc( t . g . . k g a o i l / d a y )
axpoaurt f r a q u a n c y and d u r a t i o n ; d a s c f i b * * hov Long and howo f t a n axposura occurs. O f t a n c a l c u l a t e d u i l n g tvo tama(EF and E D ) :
axpoaure fraquancy ( d a y a / y a a r )
axpoaura duration ( y « a n )
body va igh t ; the avaraga body v t i g h t ovart ha axpoiura p a r i o d ( k g )
avaraging ti*e; par i od ov«r which e x p o s u c tia avaragad ( a . g . , yaan)

T h i a ganaral aquation is conaiatant w i th tha ganiral dot a aquation
p r a s a n c a d i n t h a U S E P A ' S I 9 d 9 Riak A a a a a a c a n t Guidanca f o r S u p c r f u n d a n d
ia eonaiatant wi th tha aquation d a a c r i b a d in tha 15*9 £A.
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AJUOTOOD 1939 EHDAHCEttHEHT
A S S E S S M E N T K V A L D A T I O H
S E P T E M B E R 12, 1990FACE 8 - 3

A t de s cr i b ed i n D S R F A ' a 1989 H a k A a a e e e i t n t Guidance f o r f i u p e r f u n d , i t
is c r i t i ca l to normalUe tha e . tUat.d to ta l do,, of * carcinogen over a
i i f e t U . of **poaure. For a x u p l e . in order to aa t imat e tha p o t e n t i a l
cancer ri.k a.aoci.ted vith aix year, of expo.ure to a carcinog.n in .oil.
tha t o t a l dote abaorbad during thoae sU y.«r» m^t b* d iv ided by a 70
yaar l i f e t i m e . Cancer riiki are a i a e a a e d in thia Banner bacauaa tumor
d a v a l o p n a n t i a t y p i c a l l y a U f a t U a p r o c a i a .

8.3 S p e c i f i c Intak* Equation*

Th« general intake equation it . o d l f l e d for aoii i n g e a t i o n and dermal
a b s o r p t i o n a a f o l l o v a :

/•<• _ vn — »« *•.CS.K IR * CF « FT « ABS
BV x AT

f T h a r a
CS
IR
cr
F I

AES
IT
ED
BV

Ches icai C o n c e n t r a t i o n in S o i l C o g / k g )
I n g e a t t o n Rate ( « g a o i l / d a y )
Converaton f a c t o r < 1 0 ' * k g / » g )
F r a c t i o n t n g a a t a d f r oa Contaa inc tad Sourc e( u n i t l e a a )
A b s o r p t i o n F a c t o r ( u n i t l e s f i )
Exposure F r e q u e n c y ( d a y a / y e a r s )
Knoaure Duration ( y a a r a )
S o d y W e i g h t ( k g )
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AT

t h e r e ;
CS
CF -
SA -

A F
ABS -
EF -
ED
BV

AT

Averag ing T i m e ( p e r i o d over vhich exposureis a v e r a g e d - d a y s )

( f f l g A g - d a y ) -
Btf x AT

C h e m i c a l Conc en t ra t i on in S e l l
Convers ion F a c t o r (10*6 k g / o g )
S k i n S u r f a c e Area A v a i l a b l e f o r C o n t a c t ( c f f i 2 3 / e v e n t )
S o i l t o S k i n A d h e r e n c e F a c t o r ( o g / c m 2 >

A b s o r p t i o n F a c t o r ( u n i t i e s s )
E x p o s u r a F r e q u e n c y ( e v e n t s / y e a r )
Exposure Duration ( y e a r s )
Body W e i g h t ( k g )
A v e r a g i n g T i m e ( p e r i o d over vhich expo sureis a v e r a g e d )

8.4 Cal cu la t i on of T o t a l UJ)Da and Ceacer

R e f i n e d exposure a s s u m p t i o n s used t o e s t i m a t e LABDs are H S C f l d m
T a b l e 6-1. All o thar expo sure a s s u m p t i o n s ar e cons i s t en t v i th t h e
1989 EA. The s p r a a d s h a a t c a l c u l a t i o n s used to derive the lADDs are
p r o v i d e d in A p p e n d i x A. The t o ta l UDDs and cancer risks are su^arixed
belov. The cancer ri sks are s U p l y the produc t of the *»tal UDD
( » g A « / d a y ) a n d t h e cancer p o t e n c y f a c t o r ( 9 . 7 0 0 a g A g / d a y ) ' ' .

in sugary, p o t e n t i a l increased cancer r i s k at the aain s i t e and the
ra i l road d i t c h are on the order of W-«. T h e s e risk values are
a p p r o x i m a t e l y 2-3 orders o f m a g n i t u d e lover than those derived for the
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R a i l r o a d . D i t c h Main S i t e
Railroad Regular Regular V i s i t o r sPersonnel V i s i t o r

Route S p e c i f i c L A D D
Oral 6.5 x 10"13

Dermal

T o t a l LADD

7 . 3 x 1 0 " ' 3

4.7 x 10"12

s g A g / d a y
1.2 x 10M2

»gAg/day

1.7 x 1<T12

3 . 8 x 1 0 ' 1 3

1.4 x 10' 1 2 5.9 x 10' 1Z 2.1 x 10' 12

sane scenario ( S c e n a r i o II) in the EA (7 x 1C"6 - 2 x 10"5 for the main
s i t e and th* d i t c h , r e s p e c t i v e l y ) . The lower risk e s t ima t e s obtained In
this review are a result of the use of r e f i n e d exposure a s s u m p t i o n s taken
f r o m t h e s c i e n t i f i c l i t e r a t u r e . T h e r e f i n e m e n t s p r i m a r i l y r e s p o n s i b l e f o r
che lover h e a l t h ri sks e s t i m a t e s are:

Use of more accurate soil I n g e s t i o n r a t e s , and
Use o f s p e c i f i c b i o a v a l i a b i l i t y e s t ima t e s f or OCDD.

A c c o r d i n g l y , the h ea l th risk e s t imat e s pre s en t ed in the 1989 EA should be
considered upper-bound e s t i m a t e s of p o t e n t i a l cancer risk.
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9.0 RISK CHARACTERIZATION

T h i s s e c t i on d i s c u s s e s th e m a g n i t u d e o f th e h e a l t h risk e s t i m a t e s derived
in Sec t i on 8.0 and p la c e s them in p e r sp e c t i v e with respect to risk l eve l s
that are t y p i c a l l y c on s ider ed a c c e p t a b l e by the r e g u l a t o r y and p u b l i c
community.

9.1 Charac t er iza t ion o£ Non-Cancer H a z a r d s

As d e s c r i b e d in S e c t i o n 5 . 1 , several r e g u l a t o r y a g e n c i e s have e s t a b l i s h e d
d a i l y a c c e p t a b l e d a i l y intake l e v e l s ( A D I s ) o f d i o x i n . the se A D I s range
f r o m I - 1 0 p g / K g - d a y and are c on s id er ed to by p r o t e c t i v e o f non-cancer
e f f e c t s . T h e t o t a l ! A D j ' . v , d e t e r m i n e d i n t h i s eva lua t i on f o j t h e Arkvood
s i t e are several orders of m a g n i t u d e below the ADIs, and t h e r e f o r e , it can
be c a l c u l a t e d that the non-cancer risks at the Arkvood s i t e are
n e g l i g i b l e . .

9.2 Charac t er iza t ion of Cancer Risks

ns described in S e c t i o n 8.0, p o t e n t i a l dioxin cancer risks at Arkvood are
o n t h e order o f 10*a. B e g i n n i n g i n t h e l a t e 1 9 7 0 ' s a n d ear ly I 9 8 0 ' s »
r e g u l a t o r y agenc i e s in th e U . S . and abroad f r e q u e n t l y a d o p t e d a cancer
risk c r i t e r i a of one in a m i l l i o n as a n e g l i g i b l e ( i . e . , of no concern)
risk vhen f a i r l y l a r g e p o p u l a t i o n s might be e x p o s e d to a s u s p e c t
carcinogen. U n f o r t u n a t e l y , theoret ical increased cancer risks of one in
a m i l l i o n are o f t e n in corr e c t ly por trayed as serious p u b l i c h e a l t h ri sks .
As r e c e n t l y d i s c u s s e d by Dr. Frank Y o u n g , (FDA, 1 9 8 8 ) th e current
commiss ioner o f the FDA, th i s was not the in t en t o f such e s t i m a t e s :

In a p p l y i n g the de minimis c o n c e p t and in s e t t i n g o ther s a f e t ys t a n d a r d s , FDA has been guided by the f i g u r e of "one in a
m i l l i o n . H Other F e d e r a l agenc i e s have a l s o used & one in &m i l l i o n l e v e l , such a s t h e Occupa t i ona l S a f e t y and H e a l t h
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A d m i n i s t r a t i o n and the Environmental P r o t e c t i o n A g e n c y . Bothagencie s r e ly on the one in one m i l l i o n increased ri.sk over a
l i f e t i m e a s a reasonable cr i t er ion for s e p a r a t i n g h i g h - r i s kp r o b l e m s warrant ing , agency a t t e n t i o n f r o m n e g l i g i b l e riskp r o b l e m s tha t do not.
The risk level of one in one m i l l i o n is o f t e n mi sunder s t ood bythe p u b l i c and the med ia . It is not an actual risk - i.e., wedo not expec t one out of every m i l l i o n p e o p l e to get cancer if
they drink d e c a f f e i n a t e d c o f f e e . Rather, it is a mathematicalrisk based on s c i e n t i f i c a s sumpt i on s used In risk asse s sment.
PDA uses a conservative e s t ima t e to ensure that the risk is not
u n d e r s t a t e d . Ve interpre t animal tes t r e s u l t s conservatively
and we are ex tremely car e fu l vhen we e x t r a p o l a t e risks to
h-juaans. When FDA uses the risk level of one in one m i l l i o n , it
is c o n f i d e n t that the r i sk to humans is v i r t u a l l y nonex i s t en t .

I n s h o r t , a ' o n e i n a m i l l i o n ' cancer ri sk e s t i m a t e , vh l ch i s o f t e n
t a c i t l y assumed by some p o l i c y - m a k e r s to r e p r e s e n t a t r i g g e r l eve l for
r e g u l a t o r y a c t i o n , a c t u a l l y r e p r e s e n t s a l eve l of risk tha t i s so sma. l l
as to be of n e g l i g i b l e concern.

Another m i s p e r c e p t i o n within the risk assessment arena is that all
occupat ional and environmental r e g u l a t i o n s have as their goal a
t h e o r e t i c a l maximum cancer risk of 1 in 1,000,000. T r a v i s &£ a^. ( 1 9 8 7 )
r e c e n t l y c o n d u c t e d f c r e t r o s p e c t i v e e x a m i n a t i o n o f t h e l eve l o f r i sk which
t r i g g e r e d r e g u l a t o r y a c t i on in 132 d e c i s i o n s . T h r e e v a r i a b l e s were
c on s id e r ed: 1) individual risk (an u p p e r - l i m i t e s t i m a t e o f the p r o b a b i l i t y
that the most h i g h l y e x p o s e d ind iv idua l in a p o p u l a t i o n wi l l d e v e l o p
cancer as a result of a l i f e t i m e e x p o s u r e ) , 2) p o p u l a t i o n risk (an u p p e r -
l imi t e s t imate of the number of a d d i t i o n a l incidences of cancer in the

m
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expo s ed p o p u l a t i o n ) , a n d 3 ) p o p u l a t i o n size.
Travi s ej£ al. ( 1 9 8 7 ) can be summarized AS f o l l o w s :

T h e f i n d i n g s o f

1. Every chemical v l t h an I n d i v i d u a l l i f e t i m e risk above 4 x 10'"
received r egu la t i on . T h o s e with values belov 1 x 10"& remainedunregu la t ed .

2 . For smal l p o p u l a t i o n s , r e g u l a t o r y ac t i on never r e s u l t e d f o r
ind iv idua l r i sks b e l ow 1 x 10"4,

3 . F o r e f f e c t s r e s u l t i n g f r o m e xpo sur e s t o t h e en t ir e U . S .p o p u l a t i o n , & risk level below 1 x 10*6 never t r igger ed action;above 3 x 10"* it always t r i g g e r e d action.

In s h o r t , v e g u l a t o r y agenc i e s have f o u n d ri sks far in excess of 1 in
1,000,000 a c c e p t a b l e if e xper i enc ed by small p o p u l a t i o n s . Not only have
r e g u l a t o r y agencies taken ex c ep t i on to the uni lateral a p p l i c a t i o n of 1 in
1,000,000 r i s k , but many common human a c t i v i t i e s entai l r i s k s g r e a t l y in
excess of 1 in l . O O O . O O o . Rodricks e_t. a_ .̂ ( 1 9 8 7 ) has d i s cu s s ed these:

Examinat ion of the ri sks of common human a c t i v i t i e sd e m o n s t r a t e s . . . .a l i f e t i m e risk of 1 in 100,000 or more is
within the realm of , or orders o f m a g n i t u d e b e l ow, everydayrisks that g enera l ly do not cause undue concern. T h e s e are
risks that p e o p l e , while they are aware of them and may have
some concarn or f e a r over t h e m , do not in general a l t e r t h e i rbehavior t o avoid. The ri sks f r o m irany a c t i v i t i e s g r e a t l y
exceed the l eve l of one in 100,000. In compari son to the s ebackground risks of "everyday a c t i v i t i e s , " a l i f e t i m e risk of1 in 100,000 is r e l a t i v e l y s m a l l . A c c o r d i n g l y , regulatoryaction wi l l no. g e n e r a l l y be j u s t i f i a b l e unless risks are
s u b s t a n t i a l l y h igher than t h i s 1 in 100,000 "benchmark".
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In e s sence, society a t t e m p t s to reduce the risks a s s o c ia t ed vith e xpo sur e
to chemicals to l eve l s much lover than those to which ve voluntarily
expose ourselves each day; such as driving a car, smoking, using
a r t i f i c i a l s v a e t e n e r s , and t r a v e l l i n g in commercial a i r c r a f t . The key
issue is one of involuntary vs. voluntary ri sk.

A s d i s cu s s ed above, D . S . F e d e r a l r e g u l a t o r y agenc i e s have a d o p t e d a ' o n e
in a m i l l i o n ' cancer risk as being of n e g l i g i b l e concern in s i tua t i on s
where large p o p u l a t i o n s ( e . g . , 200 mi l l i on p e o p l e ) are involuntari ly
expo s ed t o su spec t carcinogens ( e . g . , f o o d a d d i t i v e s ) . When smal l er
p o p u l a t i o n s a r e e x p o s e d ( e . g . , i n o c c u p a t i o n a l s e t t i n g s ) t h e o r e t i c a l
cancer ri sks of up to 10*4 have been c o n s i d e r e d a c c e p t a b l e . In s h o r t , an
e s t i m a t e d cancer risk of l e s s than one in a m i l l i o n for o p o p u l a t i o n of
l e s s than 2,000 ind iv idua l s is far be low the maximal risk l e v e l s
h i s t o r i c a l l y considered to be pro t e c t ive of p u b l i c h ea l th .

It is impor tan t to e m p h a s i z e that an e s t i m a t e d cancer r i sk of one in a
m i l l i o n (or l e s s ) d o e s not a c t u a l l y i m p l y t h a t an a d d i t i o n a l one out o f
every m i l l i o n p e o p l e w i l l g e t cancer. R a t h e r , t h e ' o n e i n a m i l l i o n '
value i s s i m p l y a ma th emat i ca l e s t i m a t e , conservat ive ly derived f r o m
anisaal exposure s t u d i e s , that has been h i s t o r i c a l l y in t erpre t ed as
r epr e s en t ing a nonexistent risk.
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9.3 Background Levels of D I o x i n U p t a k e and Body Burden

L o n g s t r e t h and H u s h o n ( 1 9 8 5 ) have e s t i m a t e d that the general p o p u l a t i o n
has an average d a l l y intake of 7 £ g / k g - d a y of 2 , 3 , 7 . 8 - T C D D . T h i s
background intake is pr imar i ly the result of low 2 , 3 , 7 , 8 - T C D D leve l s in
the f o o d chain. As shown in S e c t i o n 8.4, she h i g h e s t e s t i m a t e d d a i l y
d l o x i n intake at the Arkvood s i t e is 5.8 x 10"12 m g / k g - d a y , or 5.8 f g / k g *
d a y . H e n c e , the l eve l s o f d ' o x i n uptake at Arkvood are a p p r o x i m a t e l y the
same as the n e g l i g i b l e l e v e l s e xper i enc ed by the rest o f the U . S .
p o p u l a t i o n .

It has been d e m o n s t r a t e d that t y p i c a l body burdens of OCDD in human
a d i p o s e range f r o m 600-800 p p t . As d e s c r i b e d be low a 70-year expo sure
to the average OCDD concentration in the B grid (8.0 p p b ) vouid y i e ld a
t o t a l OCDD dose of 2.6 x 10"3 mg, according to the exposure assumptions
used in th i s evaluat ion:

6-12 yrs: 5 lag s o i l / ev en t x 6 events/yr x 6 years x 0.01 x 8 j i g O G D D / f c g
soil x 1 kg/10 6 Big - 1.4 x 10"5 mg
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12-70 yrs: 5 mg s o i l / e v e n t x 12 e v e n t s / y r x 58 years x .01 x 8 JIgOCDD/Kg
soil x 1 K g / 1 0 6 ag - 2.8 x 10*4 mg

T o t a l Oral - 2.9 x 10** mg OCDD

f o r m a l

6-12 yr.: 0.5 mg s o i l / c m 2 skin x 625 cm2 s k i n / e v e n t x 6 e v e n t s / y r x .001
x 8 / i g O C D D / K g soil x 1 K g / 1 0 6 mg - 9 x 10' 5 mg OCDD

12-70 yrs: 0.5 mg s o i l / c m 2 skin x 840 cm2 s k i n / e v a n t x 12 e v e n t s / y e a r x
58 years x .001 x 8 MgOCDD/Kg soi l x 1 K g / 1 0 6 mg - 2.3 x 10*3 mg

T o t a l Dermal - 2 . 4 x 1 0 ' 3 m e

T o t a l oral and deraal u p t a k e - 2.9 x 10'* ng * 2.4 x lO' 3 ing - 2.6 x J o g

The average human a d u l t contains 21 kg o f body fa t ( S n y d e r , 1 9 7 5 ) . i f a n
of the OCDD absorbed f r o m the main s i t e over a 70-year l i f e t i m e were to
be d i s t r i b u t e d evenly throughout the a d i p o s e , the r e s u l t i n g c onc en tra t i on
would b e 2 . 6 * 1 0 ' 6 K g O C D D / 2 1 K g f a t - 1 2 3 p p t .
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T h i s Is an ex tr emely conservative e s t i m a t e of the OCDD a d i p o s e burden
a s s o c i a t e d with expo sure to the main s i t e because it assumes that 1) all
absorbed OCDD d e p o s i t s in a d i p o s e , even though it is known that a
s i g n i f i c a n t f r a c t i o n of absorbed OCDD d e p o s i t s in other t i s su e s and 2) the
absorbed OCDD Is never e l i m i n a t e d , even though OCDD has a b i o l o g i c a l h a l f -
l i f e o f 3 - 5 months .

C o n s e q u e n t l y It Is r ea s onab l e t o assume that the l e v e l s o f OCDD tha t would
a c c u m u l a t e in humans who v i s i t e d the main s i t e at Arkwood on a r e g u l a r
bas i s would be n e g l i g i b l e compared to the p r e - e x i s t i n g background l e v e l s .

0 9 Q 7 S K F
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1 4 3 E - G 2

3 45E-02
t 43E-02
1 436 02

J
1 / A V E R A G I N G

T I M E( l / y e a e s j
T 4 3 E 0~2
1 43E 02
t 43E 02

t OE 02
1 43E-02
f 45E 02

K
A R f T H M E T C M E A N

S O I L C O N C E N T R A T I O N
( r n g r k g )

2 9 5 F 02
7 44 E 03
2 28E-03

I 94E-02
4 90E-03
1 S O E - 0 2

O R A L t A D O
(of railroad personnel

O R A L L A D D
tar r egu lar visi tor*,

7C-year exposured u r a i i o n
O R A L L A O D

l or regular v i s i tor s ,
a d j u s t e d tor a 30-yearexposure duration

L
LADD

(rog/Kfl <l*y)

4 236 04
t 06E 04
3 2&E 05

2 7 7 E - 0 4
7 0 I E O S
2 fSE 04

6.S X 10-13 m g / k g / r f i y

1 0 x to 11 m $ f t g / d a y

4.7 x 10-12 m g f k g / d » y

(

M
T O T A L W O R f M L I Z E O

iAOD
( r n g ' k g d a y )

1 aiE 04
4 $6£ OS
5 7 S E - 1 3

I 19E-04
3 OIE OS
7 S 6 E - ' «

thunter
008840



v «5 'N to 1 t , 'N t» ; '

N -.w <r»~ VI
M • i 1 i i*7 w iwIN •TT jo : !10 t , 1n i i ' , t i-i iOi 1 f *. o § o s i o o m §> G O O -•

IftT" U o * B * O O o (A O o o § m S: «•* o •*

w • 1 1 1 j I • i i iw Q 0 OOS29 O 9 cn S n e •*

- Q EJ S 1 -

o
IO 

so 
-^ 1 
5 i 
5

CDi
 

0
O

: 
O

8: 
o 0

0 
O

in 
.in

o; 
<o i '

* 
N

8 
§

o 
o

o. 
o

mi 
'm

6 
g

tn 
In

,
———

———
—

O 
0

o 
o

2 
2

.

f" 
W1

 A
 W

 W

I* :2 ' !§ G 
2

1 
*

P1 
>

!O 
;̂

s I
s

8 1
' 

' 
0

; 
?|

° 
S^

Oi 
^O

 
T*

0
 

3
.3 *̂,o ' 
z "9 "O •a. e

o. 
S

8 
1̂

i s. ; 
e

' 
! 

S

< ' 8 
I

m 
g

lo 
«

! 
t

Q Q
i i

< 
t

— D 2 1 8 i sI N S U R F A C m 9 o •n ? 3 e Q S w 3 M B o ** £? | 1 5 o •jg mvAvoie! 2̂ ™ •̂<~~ _ — 0 o m •n 0

thunter
008841



i2
3
4
S"i"r
8
?Jt o

1 t
1 2
1 3
14
I S
16
I T
16
! 9
20
2!
2~
23
24
25
26
27
28
2 9 ,
30

Hexposure
D U R A T I O N

( y e a r s ) !
600
56 00
30 CW

600
woo
3000

1Y I M C C O N V E R S I O N '
F A C T O R

t y p a r s / d a / J
2 746.03
2 74E 03
2 746 03

2 74 E -03
2 74E-03
2 74 £03

J"liBoovweicirt"
I " k 9 >

_ S 4 S E W
t 43E-02
t.43E 02

3 . 4 S E 0 2
I.43E-02
1 43E-02

— — — —

, — -— - - -

____ K ___
1 / A V E R A G I N C .

T M E
( l / y « » f » J

T Of 0?
1 43E 02
1 43E 02

I 43E-02
1 43E 02
t 43E-02

.-. — _ ...._.
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L
" A P a r H M E T l C M t A N
SOI CONCEKTRATIOH

( m g r t - g !
_ l^se 02

7 4 4 E 0 3
2.2«E 03

t 94E 02
490E 01
I SOE-02

"DERMAL IAOO "~~~tor ratfroad pvtsonn*!
DS%W!.LA£>Q _lor regular visitors.

70 yea* *icpO$ur«duraiton
DERMAL LAOOfor regular vtsttors.

adfci s ted lor a 30-yearexposure duration

MLAOD"
(rng/kg day)

___ . . . , 4 j | * f i _ 0 4 __._
t OSE 04
3 26E 05

2776 04
701E 05
2 ISG 04

7.3 * (0-13 m g f l t g / d » y

_2B K I0_-12 m g f l t g / d a y

t.2 x 10-12 m g D c g f t t v y r
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APPENDIX B

d -
x =
i~

Z (x, -
2 3 . 5 5
12
3
456
7

x)2 - E
. J _

39.43
37.74
27.8020.38
19.4515.184.91

x,2 - 1/n (S :
{ J J J L . J — n.__X-J.2

252.17
201.3618.06

10.0516.8170.06_ 3 4 7 , 6 5

s t i ) z

J ^ i ; ) 2

1554.72
1424.3177; 84
415.34
378.30
230.43...24.11

164.89 £"-913.96
(-<*) I- 4800.05

d - 915.96n - 7
k - ail - 32
f i n d c o e f f i c i e n t s f r o m T a b l a A 6 :

(1/7 ( 2 7 1 8 8 . 7 1 ) ; - 9 1 5 . $ 5 - d

a, - 0.6233
a2 - 0.3031
a - 0.1401

v - _L_ ( [ ( 0 . ^ 2 3 3 ( 4 . 9 1 - 3 9 . 4 3 )915.95
-*• (0.1401 ( 1 9 . 4 5 - 2 7 . 8 0 ) ) } *
1.090E-03 [ ( - 2 1 . 5 2 ) + ( - 6 . 8 4 )

[ 0 . 3 0 2 1 (15.18 - 3 7 . 7 4 ) ]

9.50E-01 > w w - 0.803
( f r o m T a b l e A 7 : Q u a n t i t i e s o f t h a S b a p i r o - t f l l k T e a t

f or S o d a l i t y ; v a i u e s o f V such thatof the d i s t r i b u t i o n of U i s
100%

W p )

(K 0 : The p o p u l a t i o n has a nonnal d i s t r i b u t i o n )
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A 7
o f t h e O i s i r i o u t t o n o f w Is Less T n a n

*0.01
S 0.755* 0.4875 0.686« 0.715' 0.7501 O . H 99 0.76410 0.78111 0.792U 0.60515 0.514' » 0.52515 0.855

I t 0.84417 0.85*16 0.65819 0.8651C 0.868J 1 0.87122 0.87625 0.6812* 0.68425 0.686U 0.891?? 0.69428 0.89639 0.69650 0.90051 G.902i: e.50455 0.9061« 0.90155 C . 9 1 016 0 .9121 ' 0 . 9 ) 456 0.9U19 0.917«C 0.919»i t . 9 3 0*! 0 .9!2«5 0 .925** 0.924*5 0.91646 0.927»7 0.92846 0.929*9 0.97950 0.950

*e.ci
O . H 60.7C70.7150.7450.760c.m0 , 7 9 ' .0.8060.8170.8280.8570.6«60.6550.8650.8690.8740.6790.864
0.8860.8920.6950.8960.9010.9040.9060.9080.910C . 9 1 20.9U0 . 5 1 S0.917
3.919O . J 2 C0.5320.9740.925C . S 2 76.9380.9290.95:0 . 9 5 T0.9510.93*0.9550.95C0.9570.9570.958

V05
0.7S70.7460.7610.7880.6050.818' " 0 . 8 2 9 .0.8U0.6500.6590.8660.8740.8810.8870.89;0.8970.9010.9050.9080.9110.9U
0.9160.9160.9200.9250.9240.9260.9170.979C.9500.951C . 9 5 50.95*0.9550.9560.9566.9590.9400.9410.9*20.9U
0,944
0.9450,5*50.94£0.9470.9470.*47

jo.. 10
0.7890 . 7 S 20.80C0.6260.6560.851C.6590.6690.6760.6850.8690.8950.901C.9060.91C0.9U0.9170.9200.9250.9260.9280.9500.9510.9550.9550.9560.9370.9590.9400.941e.9420.9*1C . V -

0.947
0.9480.9490.95C0.5510.9510 . 9 S 70.9550.9550.9S*0.95%0.9550.955

0.9590.9550.927C . 5 2 70.9260.5310.9150.9580.9400.9450.9450.9470.9JO0.5510.9540.9560.9570.9590.9600.9610.9620.9650.96*0.9650.965C.9&0.9660.9670.967
0.9660.9640.9690.969C . 9 7 C0.970O . S 7 10.971
0.9:?
0 . 9 J 70 . 9 J ?0.971
C . 9 7 50.5710.97«0.97*
0.97%0.47*
0.9:.

t : A f t e r S h a p i m a n j W i l k . 1965
•lull h x p o i h c M - of j nnrma! d i M n b u i u m is r c j c c i od 31 the o l o c i i f th e c a k u U i c d H than
' a b l e i ^ u-cd i n S i v i m n 1 2
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B l . i b e r g . J . . B a l l e n , H . . B r o d k l n Rl n d u . c r l . l l y acqutr.d

o f . H a z «dou S w e . S i. Ed).

eo

P r ° p o " d

v.

. r«i«i.
. D. ( 1 9 7 4 ) . Uad A b s o r p c l a n l n c h l l d r e n

T o x i c o l o g y updat. ,
and

231-24

C e r l e s i , S . . Domenico
s e c r a c h l o r o d i b . n z o -I t a l y ) s o i l ,

D and D
R I s k

( 1 9 8 9 ) - 2 , 3 . 7 . 8

Charn«y. E . . S a y r a . J . a n d C o u l t e r M
in inner c icv c h i l d r e n : vhera does -h: 2 6 - 2 3 1 . " h

T , ,lBcr"«* Uad
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E X E C U T I V E S U M M A R Y
T h i s document provides a d e t a i l e d review and commentary on the s c i e n t i f i c
basi s o f t h e 1989 tox ic equ iva l ency f a c t o r ( T E F ) f o r o c c a c h l o r o d i b e n z o - p -d i o x i n ( O C D D ) . In 1989, the USEPA revised the TEF f r o m zero to 0,001based on a s tudy which demonstrated that the OCDD concentration in the
l iver required to m a x i m a l l y induce l iv er enzymes is 1,000 tines therequired 2 , 3 , 7 . 8 - T C D D concentrat ion. The nev TEF of 0.001 indica t e s that
the USEPA wil l treat OCDD as a carcinogen with 1/1000 the carcinogenicp o t e n t i a l o f 2 , 3 , 7 , 8 - T C D D . The main conclusions of thi s review are as
f o l l o w s :

• The TEF sys tem assumes t h a t non-cancer e f f e c t s such asl iv er enzyme induc t i on can be used q u a n t i t a t i v e l y to
e s t imat e carcinogenic p o t e n t i a l . However, for chad i o x i n i soraer s , there is no c l e a r c o r r e l a t i o n between
increased non-cancer e f f e c t s and carcinogenicp o t e n t i a l . C o n s e q u e n t l y , dioxin isonars wi th nocar c inogen i c p o t e n t i a l m i g h t b e a s s i g n e d a TEF s i m p l y
because they cause i s ea surab l t non-cancar a f f e c t s .

• OCDD has not been shown to p o s s e s s th* a b i l i t y toinduce tumors. I n f a c t , o n l y 2 , 3 , 7 , 8 - T C D D a n d some o fthe HxCDD isomers have been shown -o po s s e s s thea b i l i t y to induce tumors.
• OCDD has n e g l i g i b l e c a p a c i t y to bind to the Ahr e c e p t o r in v i t r o . G i v a n th e f a c t that r e c e p t o r -b i n d i n g i.s c o n s i d e r e d to be a required s t e p in the

induct ion o f d i o x i n - r e l a t e d cancer e f f e c t s , the poora f f i n i t y o f OCDD Cor th i s r e c e p t o r i s i n c o n s i s t e n t
wi th a non-zero TEF for OCDD. R e c e p t o r - b i n d i n gcontaminants were present in the OCDD s tud i e s used toderive th e h i g h - d o s a g e TEF f o r OCDD. H e n c a . a t l ea s t
sons of tho e f f e c t s observed (enzyme i n d u c t i o n ) in the
OCDD f e e d i n g s tud i e s could have been caused bycon taminan t s .

• OCDD behaves d i f f e r e n t l y than 2 . 3 , 7 . 8 - T C D D inb i o l o g i c a l t i s su e s and s p e c i f i c a l l y OCDD has a muchlower oral and dermal b i o a v a i l a b i l i e y and , t h e r e f o r e ,OCDD should ba treated as a separate indicatorchemical when a s s e r t i n g d i o x i n - r e l a t e d h e a l t h r i s k s .
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REVIEW AKD CRITIQUE 0? THE SdEHTlFIC
BASIS OF THE TEF FOR OCDD

1.0 INTRODUCTION

I n 1989. t h e U S E P A revised t h e e x i s t i n g 2 , 3 , 7 , 8 - T C D D toric equivalant
f a c t o r s ( T E F s ) f o r several o f t h e p o i y c h l o r i n a t e d d l b e n z o - p - d l o x l n i a n d
d i b e n z o - p - f u r a n s (PCDDs and PCDFs). I n c l u d e d In these mod i f i ca t i on s was
an Increa s e in the TEF for oc tachlorodibenzo-p-dioxin (OCDD) and
o c ta ch lorod ib enzo furan (OCDF). The 1947 TEFi i n i t i a l l y e s t ab l i s h ed by the
USE PA assigned values of zero for both OCDD and OCDF, while tha recently
pub l i sh ed 1989 TEFs a s s ign a value of 0.001 to both congeners. T h i s
change wi l l have a s i g n i f i c a n t I m p a c t on the h e a l t h risk e s t i m a t e * for
s i t e s that are c o n t a m i n a t e d p r i m a r i l y vi th t h e sa congeners. In
p a r t i c u l a r , wood treatment s i t e s , which t y p i c a l l y contain e l e v a t e d l e v e l s
of OCDD in s i t e s o i l s coul- be conc luded as p o s i n g s i g n i f i c a n t human
h e a l t h risk a c c ord ing to the new TEF sy s t em. The purpo s e o f t h i s document
i s t o review the o b j e c t i v e a and the m e t h o d o l o g i e s for e s t a b l i s h i n g TEFs
and to evaluate the s c i e n t i f i c bas i s for the r e c e n t l y revised TEF values
for OCDD/OCDP. In a d d i t i o n , the a p p r o p r i a t e u s e o f the new TEFs in human
h e a l t h risk assessment is di scus sed. T h i s document is organized as
f o l l o w s :

SECTION 2.0 OGDD AHD OCDF IH THE EBVXRGRHENT. T h i s section b r i e f l ydescribes how OCDD and OCDF are formed and d i s t r i bu t ed in the environment.
SECTION 3.0 niAHKACOKIHETICS OF OCDD. T h i s s ec t ion p r o v i d e s a d e t a i l e dreview of the Banner in which OCDD di s t r i bu t e s in b io log i ca l tissues andthe a s s o c i a t e d b i o l o g i c a l r e spons e s e l e c t e d in various animal s t u d i e s .The r e s u l t a of the s e s t u d i e s were used by the USEPA to e s t a b l i s h the newTEFs for OCDD and OCDF. Determination o f T o x i c Equvia la t i on F a c t o r . , t h i ssection describes the methods used by OSEPA to e s t a b l i s h T E F s .
SECTION 4.0 TOXICITT OF OCDD/OCDDP. T h i s s ec t ion de s cr ib e s the t o x i ce f f e c t s a s soc ia ted with exposure to O C D D / O C D F .
SECTION 5.0 DETERIORATION OP TOXIC EQUIVALENCY FACTORS. T h i s s ec t ionde s cr ib e s how the USEPA derives TEFs for the various PCDD/PCDF isomars.The basis of the new TEF for OCDD/OCDP is described and critiqued.
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SECTIOS 6.0 IS THE ISCREASED IB THE OCDD TEF VAKRAHTED. T h i s s e c t ionsummarizes the key e l ement s of the previous sec t ions and d i s cu s s e s how anOCDD TEF should be used in h e a l t h risk a s s e s smen t .
SECTIOH 7.0 REFERENCES
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2.0 OCDD AHD OCDF IB THE EHVTROHKEST

P C D D a and FCDFs are members of a c l a s s of compounds c o l l e c t i v e l y r e f e r r e d
to as h a l o g e n a t e d aromatic hydrocarbons . A l s o inc luded in th i s c l a s s of
compounds a r e p o l y c h l o r i n a t e d b i p h e n y l s ( P C B s ) , n a p t h a l e n e s ,
p o l y b r o m i n a t e d b i p h e n y l s ( P B B s ) a n d azobenzenes. P C D D s , P C D F s a n d F C B s
are h ighly s tab l e , L i p o p h t l l c molecules with extreme pers i s tence in the
environment ( S a f e , e j£ a j , . , 1989). FCBs vere produced commercially for a
number of years for use as insulation in capacitors and transformers
( H o s e , g£ si-, 1986). In contras t , PCDDs and PCDFs are unwanted
contaminant* f o r m e d during the p r o d u c t i o n of ch lor ina t ed p h e n o l s and
r e l a t e d d er iva t iv e s ( B u r g , 1 9 8 8 ) . T h e s e compounds ar e a l so produced
during combustion proc e s s e s involving o r g a n o h a l o g e n containing w a s t e s
( S a f e , £ £ a J L . , 1 9 8 9 ) .

PCDDs and PCDFs are released into the environment via a number of
p a t h w a y s , including: 1) urban incinerator emis s ions , 2) d i s charge f o r m
p u l p and p a p e r m i l l s , and 3) use of p r o d u c t s such as p e n t a c h l o r o p h e n o l
( P C F ) a n d 2 , 4 , 5 - t r i c h l o r o p h e n o l c on tamina t ed w i th F C D D s a n d P C D F s
( F i r e s t o n e , 1 9 7 7 ; F i r e s t o n e , & £ ai., 1 9 7 2 ; L i b e r t i , £ £ & ! . , 1980). P C D D s
and PCDFs are u s u a l l y f ound in the environment as mixture s of several
d i f f e r e n t isomers. T h e s e mixtures are g enera l ly found to contain
pr imar i ly the higher chlorinated congeners (hexa s , h e p t a s , and o c t & s )
( F i r e s o n t e ej; aX , 1 9 7 2 ) . The one exception is the herbic ide
2 , 4 , 5 - t r i c h l o r o p h e n o l which pr imar i ly contains t h e 2 , 3 , ' , 8 - T C D D isomers
( S a f e e £ &1 . , 1 9 8 9 ) .

PCP is used in a varie ty of p r o d u c t s and is one of the most w i d e l y - v i s e d
b i o c i d e a in tho U . S . The major use of PCP in the U. S. has been as a wood
preservative. Eighty percent of the 0. S. consumption is for treatment
of wood used for u t i l i t y p o l e s . The t ox i c i ty of PCP was inve s t igated by
a number of research groups in the 1 9 7 0 ' s , however it is not c l ear whether
the tox i c a f f e c t s observed in those e x p e r i m e n t s were the re sul t of PCF or
rather the re sul t rf i m p u r i t i e s in the PCP ( G l i c t a a a n &± ai-, 1977;
Borthwich and S c h i m m a l , 1 9 7 8 ) . In g e n e r a l , c ommerc ia l ly avai lab l e PCF i s
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38.4% pure and is known to contain a variety of impur i t i e s , i n c l u d i n g
t a t r a c h l o r o p h e n o l , c h l o r i n & t e d p h e n - o x y p h e n o l s , P C D & s , P C D F s , a n d
p o l y c h l o r i n a t e d d i p h e n y l e ther s ( F i r e a t o n e g£ al . . 1 9 7 2 ) .
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3.0 P H A E M A C O n S E T I C S OF OCDD

3.1 Ab.orption and Dl.tribution of OCDD F o U i m i n g Subcut^eotu or
I n t r * p « r I t o n e * J L Adminis trat ion

R e c e n t l y , da ta d e s c r i b i n g the ab s orp t i on and d i s t r i b u t i o n of OCDD/OCDF has
been p u b l i s h e d . Brunnet u. ^. aW) l n v e s t l g a t e d tne t.Utl^
d i s t r i b u t i o n of a mixture of PCDD* and PCDFs in the V i s t a r rat The
mixture of P C D D s and FCDFs va, obtained via the c a t a l y t i c
d e c h l o r i n a t l o n / h y d r o g e n a t i o n o f OCDD and OCDF. T h i s atoure I n c l u d e d
2 . 3 , 7 , 8 - T C D D as veil as OCDD/OCDF and s e l e c t e d r e su l t s are summarized in
T a b l e 3.1. T h e d a t a I l l u s t r a t e d several k e y p o i n t s r e g a r d i n g OCDD.
F i r s t , i t i s a p p a r e n t f r o m the d a t a in T a b l e 3-1 that the route of
a d m i n i s t r a t i o n d r a m a t i c a l l y a f f e c t s the d i s t r i b u t i o n o f OCDD as we l l a s
other r C D D s / P C D F s . S e c o n d l y , OCDD and OCDF tend to accurate in h e p a t i c
and a d i p o s e t i s sue in a s i m i l a r manner in th i s strain of rat. Moreover
OCDD and OCDF are pre s en t in the mixture In s i g n i f i c a n t l y h igher
conc en tra t i on s than 2 , 3 . 7 , 8 - T C D D ( 3 0 - f o l d ) y e t t h e l e v e l , d e t e c t e d i n t h e
l iver and a d i p o s e t i s su e are only - 5-10 t imes the level of 2 , 3 . 7 , 8 - T C D D .

Abraham ej: al . ( 1 9 8 9 ) r e c e n t l y de s cr i b ed the u p t a k e of OCDD/OCDF and other
PCDD. and PCDFs by h e p a t i c t i s su e of f e m a l e V i s t a r rat and Marmoset
monkey. T h e s e r e s u l t s are summarized in T a b l e 3-2. Marmoset monkey, and
f e m a l e V i s t a r rat bo th re ta ined a p p r o x i m a t e l y 25% of she t o t a l
a d m i n i s t e r e d dose o f 2 . 3 . 7 , 8 - T C D D in th e l iver. Moreover. 2 , 3 . 7 . 8 - T C D D
in l i v e r / a d i p o s e ratio vas a p p r o x i m a t e l y the same for bo th s p e c i e s . OCDD
u p t a k e by h e p a t i c t i s su e of both s p e c i e s was s imi lar ( 5 . 8 and 7.4% for
rat and monkey r e s p e c t i v e l y ) , hovever. the p e r c e n t a g e s vere s u b s t a n t i a l l y
l a s s than r e p o r t e d f o r 2 , 3 , 7 . 8 - T C D D . I n contrast t o 2 . 3 . 7 , 8 - T C D D , t h e
l i v e r / a d i p o s e t i s su e concentrat ion ratio for both s p e c i e s .as
s u b s t a n t i a l l y >l s u g g e s t i n g that OCDD accumulate s to a greater extent in
h e p a t i c t i s sue than it does in a d i p o s e tlwu.. OCDF h e p a t i c u p t a k e vas
s i m i l a r in rat and monkey, though the percent a c cumula t ing in the liver
of both s p e c i e s vas s l i g h t l y gr ea t e r than r e p o r t e d f o r OCDD The
l i v e r / a d i p o s e ratio o f OGDF for both sp , t e s i s d i f f i c u l t t o I n t e r p r e t

5
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C o n g e n e r
D i b e n z p - p - f j j f l x j n2,3.7,8 1001,2,3,7,8 1 1 11.2,3.4.7,8 1331.3,7,8 184

O C D D 3347

D i b e n z o f u r a n2.3.4,7,8 741,2.3,4,7.8 3281,2,3.7,8 1241,2.3.6,7,8 3282,3,7,8 451,2,4,7,8 1 1 1
1,2.3,6 126O C D F 2217

M a b l e a d a p t e d f r o m Brunner, e t

0.59-0.791.64-2.372.37-3.07nd4.67-5.47

0.82-1.304.27-6.520.16-0.225.56-8.050.04-0.05ndnd5.53-8.55al. t 1989

0.70-0.741.98-2.112,51-2.78nd9.29-18.14

1.17-1.204.64-5.440.10-0.24
5.74-6.580.03-0.04ndnd7.82-1 6 , 6 0

0.22-0.350.13-0,170.08-0.09
0.36-0.580.26-0.830.40-0.750.01-0.03 0.08-0.250,22

0.43

0.02-0.030.09-0.130.03-0.04
0.12-0.150.03-0.030.01-0.020.010.09-0.19

4.90-13.57

0.10-0.320.80-1.640.18-0.521.01-1.700.05-0.090.05-0.450.02-0.053.11-S . 9 0
_ _ _ _______ .__.., . _ _ _ _ _ ^ -

C o n c e n t r a t i o n o f Various P C D D s / P C D F s F o l l o w i n g a S i n g l e S.C. i n j e c t i o n :L e v e l s A f t rC o n g e n e r Wistar Rat% of admin.dose inwhole liverf

_____andW i s t a r Rafconcen. ratiol i v e r / a d i p o s e t

1 , 2 , 3 , 7 , 8 - P e C D D1.2.3,4.7,8-H x C D DO C D D
2 . 3 . 7 , 8 - T C D F2.3,4,7,8-P0CDF1,2.3,6.7.8-H x C D DO C D F

26.5 ±1.25 2.4 + 0.2671.1 ±6.4380.6 ± 3.29 13.1 ±0.6031 .7 ±0.78
5.8 ± 0.15 17.4 ± 5.61
3.77 ± O.SO53.4 ± 7.8677.9 ± 7.77

1.6 + 0.2342.6 ± 2.448.8 ± 8.69
46.2 ± 17.3

MarmQseiM o n k Q y% of admin.dose in_ w h o t e j j v e r t24.5 ± 4.5644.3 + 5.6448.4 ± 5.79
7.4 ± 1.81
21.5 + 2.2957.6 + 4.7966.1 ±4.54

fvlarmosetMonkeyconcen. ratiol iver/adipose t
1.09 ± 0.76
2.70 + 1.0714.2 + 7.57

5.6 + 4.24

10.1 ±1.9314.8 ±2.09
11.7 ±

_________„.„... 1.73________' t ab l e a d a p t e d f r o m Abraham, e t ai.. 1989
t d a t a not avoraged in o r i g i n a l m a n u s c r i p t ; averaged here for compari son
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became of the vide range of values in the da ta . Hovaver, It a p p e a r s as
if OGDF, l ike OCDD accumulates in greater q u a n t i t i e s in the liver as
o p p o s e d t o a d i p o s e t i s sue .

3.2 Absorp t i on ami Distribution of OCDD F o l l o w i n g Oral Exposure

3.2.1 Mixture s of PCDDs and PCDF_s

Van Den Berg, e£ aj,. (1987) recently inves t igated the absorption and
d i s t r i b u t i o n o f d t o x i n s f r o m a f ly a sh mixture containing FCDDs and PCDFs
i n c l u d i n g O C D D / O C D F . T h i s experiment cons i s t ed o f a d m i n i s t e r i n g t h e f l y
ash mixture o r a l l y to f e m a l e U i s t a r rat s on days 10 to 17 of p r e g n a n c y and
during the f i r s t 10 days of l a c t a t i o n . S p e c i f i c congeners were then
measured in t i s su e s o f the d a m s , f e t u s e s and o f f s p r i n g . A p p r o x i m a t e l y 37%
of the 2 , 3 , 7 , 8 - T C D D in the mixture was re tained in the h e p a t i c t i s s u e of
the daas. T h e s e d a t a are c omparab l e to the d a t a in T a b l e 5 u t i l i z i n g the
S . C . i n j e c t i o n p r o t o c o l . L a c t a t i o n d i d n o t s i g n i f i c a n t l y a f f e c t r e t en t i on
of 2 , 3 , 7 , 8 - T C D D in the h e p a t i c t i s s u e of the dams as 38% of the
admin i s t e r ed do s e was retained in these a n i m a l s .

The fly ash mixture used by Van Dan Berg contained 64% more OCDD than did
the mixture used by Abraham et al. ( 1 9 8 9 ) . However, the re sul t s were
comparable to those reported by Abraham et aj^. ( 1 9 8 9 ) as only 7% of the
OCDD and OCDF in the fly ash mixture vas retained in the hepa t i c t i s sue
o f f.he dams (s e e T a b l e 3 - 2 ) . A s wi th 2 , 3 , 7 , 8 - T C D D . l a c t a t i o n d i d n o t
s i g n i f i c a n t l y a f f e c t the re t ent ion of OCDD and OCDF in the h e p a t i c t i s sue
of the dams. OGDD and OCDF congeners vere a l s o d e t e c t e d in the o f f s p r i n g ,
as a p p r o x i m a t e l y 0.7% of the admini s t ered dose of OCDD and OCDF vas
re ta ined in the h e p a t i c t i s sue . Lover ch l or ina t ed FCDDs and PCDFs vere
d e t e c t e d in the f e t u s e s , however the amount re ta ined in the whole f e t u s
was very small ( l e s s than 0.13%). A n a l y s i s for OGDD and OCDF in the whole
f e t u s vas not p o s s i b l e because of mass i n t e r f e r e n c e . A c c u m u l a t i o n of OCDD
in a d i p o s e t i s su e of the dams during pr egnancy or l a c t a t i o n vas l e s s than
2% of the t o ta l admin i s t e r ed dosa of OCDD. S i m i l a r l y , 0.89 and 0.30% of
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the t o ta l admini s t er ed dose o f 2 , 3 , 7 , 8 - T C D D accumulated in the a d i p o s e
c i s sue of the dams during pregnancy and l a c t a t i o n r e s p e c t i v e l y .

3 .2 .2 Oral A d m i n l s t r a t i o a _ g f P u r i f i e d . O C D D / O C D F

Sorback et aj,. ( 1 9 7 5 ) inves t igated the d i s t r ibu t ion of OCDD in rats using
a rad io labe l ed analog ( [ 3 5 S ] - t h i o h e p t a c h l o r o d i b e n z o * p ~ d i o x i n ) . F o l l o w i n g
adminis trat ion of the analog for three weeks (100 j t g / d a y for 21 d a y s ) , it
vas observed that over 50% of the rad io lab e l ed analog that vas retained
in the body vas l o ca t ed in various o r g a n e l l e s of the liver. Other t a r g e t
t i s s u e s i n c l u d e d a d i p o s e t i s s u e , sk in , h ear t , k i d n e y , serum, l u n g s , t e s t e s
and musc le . H o w e v e r , if the rats were t r e a t e d wi th the same pro t o co l i lOO
n g / d a y for 21 d a y s ) f o l l o w e d by a 6 veek recovery p e r i o d , the analog was
d e t e c t e d in only h e p a t i c t i s s u e , skin and a d i p o s e t i s sue . H o w e v e r ,
because t h e s t r u c t u r e - d e p e n d e n t a c t i v i t y o f F C D D s a n d P C D F s , u t i l i z a t i o n
of such an analog makes i n t e r p r e t a t i o n of the da ta d i f f i c u l t .

Bimbaua and Couture ( 1 9 8 8 ) have al so recently described the absorpt ion
and d i s t r i b u t i o n of OCDD in male F I s c h e r 344 rats. T h i s group observed
that oral absorption of OCDD never exceeded 10% of any dose, with doses
ranging from 500 to 5,000 j i g / k g . Moreover, absorpt ion of OCDD was
repor t ed to be non-linaar between do s e s of 500 and 5000 w g / k g . The
authors a l s o po in t out that OCDD r a p i d l y p a r t i t i o n s out of the b lood and
into various t arg e t t i s sue i n c l u d i n g l i v e r , a d i p o s e t i s sue and skin
observed that r e p e a t e d a d m i n i s t r a t i o n o f OCDD (50 p g / k g d a i l y for 10 d a y s )
r e s u l t e d in the accumulation of OCDD in h e p a t i c and a d i p o s e t i s su e and to
a l e s s e r d e g r e e in skin and b l o o d . Moreover, in the companion p a p e r
( C o u t u r e e j ; aJL-, 1 9 8 8 ) , a d m i n i s t r a t i o n o f 65 do s e s o f 50 a g / k g r e s u l t e d
in s u b s t a n t i a l accumulat ion of OCDD in h e p a t i c and a d i p o s e t i s su e as wel l
as skin and blood. Couture et al- ( 1 9 8 8 ) fur ther inve s t igat ed the oral
absorption of OCDD using d i f f e r e n t volumes of carrier material (corn o i l ) .
The results of this experiment are described in T a b l e 3-3. The re sul t s
in T a b l e 3-3 indicate chat the greater the volume of the carrier the
greater the ab sorp t i on of OCDD in mal e F i s c h e r 344 rats.

thunter
008867



- ____________Table 3-3________„ E f f e c t o f D o s i n g V o l u m e on H e p a t i c A c c u m u l a t i n n nf nr.nnDosmg V o l u m e — — — — — — n q - - - — — — — — —E x p e r i m e n t 1 ( 5 0 u g / k g ) — — — — — — " — — —1 m l / k g "5 m l / k g ***•
E x p e r i m e n t 2 ( 1 1 . 5 j i g / k g ) " *1 m l / k g2 m l / k g3 m l / k g4 m l / k g____ 5 ml/kg______tab l e a d a p t e d f r o m Couture , et ai* r a f C uu£trrt r J A ^ / s ^ ..,:*u CA . ._ i 1988

348.1 ±17.22323.0 ±158.4

5.2 ± 1.017.8 ±5.232.6 ± 8.589.5 ±7.138.3 ± 13.3daily for 10 days and

° M of OCDD

D l s t r i D u t i o n o f O C U U and O C D F in Rats W h e n„ ___ ...«• v^^txi 111 no isA d m i n i s t e r e d V i a Oral i n g e s t i o nC o n g e n e r / of t o t a l dose in wnole l iver C o n c e n t r a t i o n rat ioDose ( p p b )
OCDF (80)OCDF (800)OCDD (80)OCDD (800)2,3 ,7 .8-TCDD

T a b l e a d a p t e d f r o m W e r m e f i n g e r . et al., 1990"

_ _.-- _..wivu i i^ouetF o l l o w i n g an l.v. Inject lgn of 50T i s s u e
OCDD (50L i v e rA d i p o s eS k i n

Pool S i z e(% total d o s e)
72.68 ± 32.557.13 ±0.938.95 ± 2.210.31 ± 0,57

S l o p e( d a y s ' 1 ) 1 1 / 2( d a y s )
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A recent report by W e n a e l i n g a r e£ aj,,. ( 1 9 9 0 ) d e s c r i b ed r e s u l t s of a 9
month f e e d i n g s t u d y vith OCDD and OCDF in rats . Concentra t ions of 80 and
800 ppb vere a d m i n i s t e r e d via the f e e d chow. S i n e a no data had ex i s t ed
up to th i s po int on the A b s o r p t i o n or" OCDF ( e x c l u d i n g s t u d i e s involving
mixtures o f P C D D s a n d P C D F s ) thi s s t u d y I s o f s i g n i f i c a n t i m p o r t a n c e .
Di s t r i bu t i on of OCDD and OCDF vas measured in two t i s sue s namely, h e p a t i c
and a d i p o s e t i s su e . The percent of the t o ta l dose in tho whole liver of
OCDF (SO p p b ) vas 3.7 and 2.6% at 13 and 26 weeks r e s p e c t i v e l y . The
p e r c e n t a g e of OCDF d e t e c t e d in h e p a t i c t i s sue increased s l i g h t l y vith the
higher doae of OCDF (600 p p b ) as 5.2 and 4.0% of the t o ta l dose of OCDF
vas d e t e c t e d in the whole l iver at 13 and 26 veeka r e s p e c t i v e l y . Hovever.
for the both the low and h igh d o s e of OCDD (80 and 800 p p b ) the p er c en t
of the t o t a l dose f ound in the who l e l iver reaainad a p p r o x i m a t e l y 3%.
t f h l l e the I of the t o t a l dose of both OCDD and OCDF vere not s u b s t a n t i a l l y
d i f f e r e n t , s i g n i f i c a n t d i f f e r e n c e s vere observed in the d i s t r i b u t i o n o f
chese congeners betveen h e p a t i c and a d i p o s e t i s su*. The d a t a i s a l so
4uom*rized in T a b l e 3-3. The d a t a in T a b l e 3*3 i n d i c a t e s tha t both OCDD
and OCDF p r e f e r e n t i a l l y a c c u m u l a t e in h e p a t i c t i s s u e as o p p o s e d r- \ai.oaa
t i s su e . Both OCDD and OCDF tend to accumulate in h e p a t i c t i s s u e mote than
2 , 3 , 7 , 8 - T C D D . T h i s ob s ervat ion va s a l so made by A b r a h a m
f o l l o w i n g S . C . i n j e c t i o n s o f f l y a s h mixtures o f P C D D s a n d
r a t s .

3.3 H e t a b o l U m and El ia iMtion of OCDD and OCDF

Very l i t t l e kinetic da ta is a v a i l a b l e for OCDD and no kinet i c d a t a U
a v a i l a b l e f or OCDF. Blmbaua a n d Couture ( 1 9 8 8 ) r e c e n t l y r e p o r t e d a
w h o l e - b o d y h.1 (. l t f. £ot OCDD o£ ,.5 ras c(>

2 . 3 . 7 . 8 - T C D D which has a w h o l e - b o d y h a l f - H f e of 31 ± 6 day. in
S p r a g u e - D a w l . y r« < f o l l < w l B g t l>0 , g / k g ^ ̂  ^ ^ ̂  ̂
T a b l e 3-5 suaaarize, the e l i m i n a t i o n of OCDD f r o m liv.r and a d i p o s e tt..u«
as veil as the skin.

Bimbaua and Couture ( 1 9 8 8 ) sugge s t that th. long h . l f - l i f . of OCDD in the
l iver could r e su l t in the accumulation of the congener over ti... In
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add i t i on the authors urge caution in interpret ing the skin e l iminat ion
paramet er s as only 5 data p o i n t s vere used to arrive at these values.
H o r b a c k &£ &1- ( 1 9 7 5 ) u t i l i z i n g rats and a rad ioac t iv e analog of OCm
r e p o r t e d that 90% of the a d m i n i s t e r e d dose vas recovered in the f e c e a as
unabsorbed material. T h i s group al so reported a small Lip Id so luble
f r a c t i o n in urine. S i m i l a r results vere reported by Birnbaun and Couture
( 1 9 8 8 ) . F e c e a vas reported to be the m a j o r route of e l imination f o l l o w i n g
a d m i n i s t r a t i o n of OCDD wi th very l i t t l e OCDD ( l e s s than 0.2%) e l i m i n a t e d
via urine. Very l i t t l e da ta has been r e p o r t e d on the me tabo l l a of O C D D .
BirnbauM and Couture ( 1 9 9 0 ) r epor t ed that no [ 1 4 C ] - lab e l ed C02 or other
v o l a t i l e ! vere de t e c t ed in male rats exposed to [ 1 4 C J - O C D D . Moreover.
th i s group r e p o r t e d that TLC a n a l y s i s o f e x t r a c t s f r o m t i s sue s and f a c e s
o f animals a d m i n i s t e r e d { 1 4 C J - O C D D r e v a a l e d a s i n g l e s po t that migra t ed
v i th an OCDD s t a n d a r d . T h i s group s u g g e s t s tha t some m e t a b o l i s m of OCDD
is occurring as r a d i o a c t i v i t y vas d e t e c t e d in the urine of the rat s .
However , the authors report that due to the lov s p e c i f i c act ivi ty o£ the
[ 1 4 C ] - O C D D conf irmat ion of a me tabo l i t e vas not p o s s i b l e (Bimbaum and
Couture , 1990) .

3.4 Biochemical K f f e c t * of OCDD/OCDF

Ono of the most veil characterized Ah re c ep tor-media t ed a f f e c t s is the
induction of cytochrome P450-dependent monooxygenases ( W h i t l o c k , 1 9 8 7 ) .
The induc t ion by P C D D s and PCDFs of the se isozyraes is r ou t ine ly measured
f l u o r o a a e r i c a l l y v ia sryl hydrocarbon h y d r o x y l a s e (AHH) or e t h o x y r e s o r u f I n
0 - d e a t h y l a s e ( E R O E ) ac t iv i ty. B r a d l a v , &£ a j , . , ( 1 9 8 0 ) i n v e s t i g a t e d th e
induction of AHH ac t iv i ty in H-4-II E rat hepatoma c e l l s using a variety
of PCDDs and PCDFs including OCDD. S u r p r i s i n g l y , OCDD was found eo
weakly induce AHH a c t i v i t y in the s e c e l l s . H a s o n aj , aj.. ( 1 9 8 6 ) u t i l i z i n g
H - 4 - I I E r a t h e p a t o a a c e l l s e s t i m a t e d t h e E C S O ( t h e c oncentrat ion o f O C D D
nendad to induce AHK a c t i v i t y 50%) for OCDD to be > I x 10-4 M. Hovever ,
several I n v e s t i g a t o r s have shcvn that OCDD adminis tered tc rats in
m u l t i p l e doses over an extended period of times will induce EROD ac t iv i ty
s u b s t a n t i a l l y beyond control l ev e l s . For e x a m p l e , Birnbaum and Couture
( 1 9 8 8 ) a d m i n i s t e r e d 50 * g / k g of OCDD d a i l y by gavage (5 d a y s / v a e k for 13

11

thunter
008870



v e d i c s ) and observed a 4 0 - f o l d increase in EROD a c t i v i t y over control
groups . The l e v e l s of OCDD that accumulated In che l iver vere
a p p r o x i m a t e l y 1.000 time* the l e v e l s of 2 , 3 , 7 , 8 - T C D D that are required to
produce 4 0 - f o l d EROD ind i ca t i on . T h i s e f f e c t vas r e c en t ly c o n f i r m e d by
V e r m e l l n g e r &£ a_i- ( 1 9 9 0 ) . T h i s group repor t ed that in rats
admini s t ra t i on of 000 ppb of OCDD in the f e e d for 9 months caused a
s i gn i f i can t increase in EROD activity. The induction of EROD act ivi ty by
OCDD (800 p p b ) approached 40 to 50% of that induced by 2 , 3 , 7 , 8 - T C D D (rat s
f ed 1 ppb o f 2 , 3 , 7 , 8 - T C D D for 9 m o n t h s ) .

A h l b o r g &£ a i- ( 1 9 8 9 ) a l s o ha s i n v e s t i g a t e d th e b iochemical a f f e c t s o f
OCDD vith somewhat d i f f e r e n t r e s u l t s . S p r a g u e - D a v l e y rats visre
a d m i n i s t e r e d e i th er O C D D , 2 , 3 , 7 , 8 - T C D D o r O C D D p l u s 2 , 3 , 7 , 8 - T G D D b y
gavage and t erminat ed 4 weeks l a t e r . The r e s u l t s ar« summarized in
T a o l e 3-6. Admini s t ra t i on of OCDD Co S p r a g u e - D a v l e y rats did not cause
any s t a t i s t i c a l l y s i g n i f i c a n t induction of h e p a t i c EROD ac t iv i ty. Increa s e
h s p a t i c P450/448 content or increased ODFGT activity. However , this is
not surpr i s ing as this experiment u t i l i z e d a s i n g l e a d m i n i s t r a t i o n
p r o t o c o l . H o w e v o r , OCDD and 2 . 3 , 7 , 8 - T C D D t r e a t m e n t d id cause a
s i g n i f i c a n t r educ t ion in t o ta l vi tamin A. content of the liver.
C o a d m i n i s t r a t i o n of OCDD and 2 , 3 , 7 . 8 - T C D D did not r e su l t in any
s u b s t a n t i a l a d d i t i v e a f f e c t s .

In summary:

OCDD and OCDF tend to accumulate In the liver to greater degreethan 2 , 3 , 7 , « - T C D D .
OGDD is p o o r l y absorbed ( l e s s than 10% of any a d m i n i s t e r e d d o s e )
f r o m the ga s t r o in t e s t ina l tract and absorpt ion decreases vithd e c r e a s i n g d o s i n g volume.
OGDD has a b i o l o g i c a l h a l f - l i f e of 3-5 months .
The liver concentrat ions of OCDD that ara required tc produce4 0 - f o l d EROD induc t ion are a p p r o x i m a t e l y 1,000 t imes the l iverconcentrations o f 2 , 3 , 7 , 8 - T C D D required to produce s imilarinduction.
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T a b l e 3-6E f f e c t s o f 2 , 3 J . 8 - T C D D , OCDD a n d 2 , 3 , 7 , 8 - T C D D p l u s_________OCDD !n S p r a g u e - D a w i e y RatsParameter control 2 ,3,7.8-TCDD OCDD
Vitamin A

Liver
K i d n e y

H e p a t i cP45Q/448**
ERODf

U D P G T f t

(corn oil

12694.5
0.42

0.08
0.06

509312.0
0.59

1.003
0.34

3,4
0.32

0.09
0.25

5503
16.3a

0.673

' t a b l e a d a p t e d f r o m A h l b o r g , e t ai., 1989"*nmoi/mg M. P.
f n m o l / m g M . P . / m i n ; EROD » © t h o x y r e s o o j f i n O-dee thyla s et tnmol/ 'mg M. P. • min; UDPGT a U D P - g l u c o r o n o s y l t r a n s f e r a s ea s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e (p < 0.05) f r o m untreated controlc a l c u l a t e d b y T u k e y ' s H S D tes t .

1.033
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4.0 T O T E C m OF OCDD ABD OCDF

Ron-cancel: E f f e c t s

S c h v e t z . el gi. ( 1 9 7 3 ) i n v e s t i g a t e d the t o z l c i t y of OCDD in both rats and
alee . Oral a d m i n i s t r a t i o n ( s i n g l e dose) of OCDD to 5 f e m a l e
S p r a g u e - D a v l e y rats (1 g / k g ) or to 4 male S w i s s Vebster alee (4 g / k g ) did
not cause any deaths . Moreover, no ova re signs of tox ic i ty vere observed
in these animals. However , K i n g , &t &!• ( 1 9 7 3 ) r e p o r t e d that all male and
f e m a l e O a b o r n e - H e n d e l rats (35 per g r o u p ) fed chow conta in ing 1 or 0.51
of OCDD died vir.hin 32 weeks. I n t e r e s t i n g l y , th i s group observed that
sale B 6 C 3 F 1 nice vere much more s u s c e p t i b l e to OCDD induced t o x i c i t y as
Bale nice fed a d i e t containing 1 or 0.5% OCDD all died vithin 10 weeks.
S i m i l a r experiment s in f e m a l e S 6 C 3 F 1 re su l t ed in 5 survivors ( f r o n a group
of 50) in rhe 1% group and 45 survivors ( f r o m a group of 50) in the 0.51
treatment group. H o w e v e r , these r e s u l t s should be i n t e r p r e t e d with
caution as K i n g &£ f l i - ( 1 9 7 3 ) r e p o r t e d t h a t a p p r o x i m a t e l y 0.11 of the OCDD
vas contaminated with h e x a c h l o r o d i b e n t o - p - d i o x i n ( s u b s t i t u t i o n p a t t e r n
not s p e c i f i e d ) . Moreover , contaminat ion of 0.1% by hexach lorod ib enzo*
p - d i o x i n (UxCDD) vas reported to result in en intake of 150 egAg~
day of BxCDD. K i n g &£ aj,. ( 1 9 7 3 ) s t a t e s that new m i c e - f e e d i n g experiments
u t i l i z i n g OCDD v ' 0 . 5 % i n t h e f e e d ) f r e e o f h e i a c h l o r o d i b e n z o - p - d t o i l n
contamination have also r e s u l t e d in a s u b s t a n t i a l number of d e a t h s .

S c h v e t c & £ f l i - ( 1 9 7 3 ) r epor t ed that O C D D t e s t e d negat ive f o r produc t ion
of chloracne in the rabbit bioassay. Moreover, OCDD adminis tered at 100
and 500 a g / k g - d a y ( 2 . 5 m l / k g by gavage) to f e m a l e S p r a g u e - D a w l e y rats on
from days 6 through 15 of g e s t a t i o n did not re sul t in any increase in
f e t a l r e s o r p t i o n s . changes in f e t a l body measurements or f e t a l anomal i e s .
H o w e v e r , a s i g n i f i c a n t increase in subcutaneous edema was d e t e c t e d in the
f e t u s e s at the 500 m g / k g - d a y dose . C h i c k s fad 0.1 and 0.5% OCDD in the
di e t (0.1% » 100 fflg/kg) showed no signs of eoz ic l ty f o l l o w i n g 20 to 21
days of treatment as determined by the chick edema biosvsay. It should
be noted that while this s tudy is somewhat d a t e d , the in format ion provided
by S c h w e t z jn aj,. ( 1 9 7 3 ) concerning other congeners , (in which a great
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deal it known) such as 2 . 3 . 7 , 8 - T C D D , a p p e a r s to be correct. For example ,
thi s report correc t ly i d e n t i f i e d guinea p ig . as the most s u s c e p t i b l e
spec i e* t o 2 . 3 . 7 , 8 - T C D D t o x i c i t y . Moreover, l i m i t e d s t u d i e s with th e
r e l a t i v e l y non-toxic 2 . 7 - d i c h l o r o d i b e n z o - p - d i o x i n a l s o s ugge s t that while
the s t u d y is d a t e d the r e s u l t s can be cons idered v a l i d . A h l b o r g ej; &.
( 1 9 8 9 ) r e c e n t l y reported that a d m i n i s t r a t i o n of 755 i g / k g of OCDD to
S p r a g u e - D a v l e y rats did not cause s i g n i f i c a n t body veight l o s s . Moreover,
neither liver or thymus w e i g h t s were s i g n i f i c a n t l y a f f e c t e d by OCDD
a d m i n i s t r a t i o n .

Couture a j , aj,. ( 1 9 8 8 ) a l so I n v e s t i g a t e d the toxic a f f e c t s o f OCDD In male
ra t s . T r e a t m e n t r e l a t e d c y t o p l . s m i e f a t t y v a c u o l l z a u l o n o f t h e l iv er
( c e n t r i l o b u l a r and m l d z o n a l r e g i o n s ) wer« observed upon M i n i s t r a t i o n of
50 ,gA8 of OCDD 5 d a y s / w e e k for 13 weeks (65 a d a l n l s t r a t l o n s t o t a l ) . It
va. not»d that h e p a t i c damage did not beg in to occur until 40 dose s of
OCDD had been a d m i n i s t e r e d , aoreover. the c y t o p l a s m i c f a t t y v a c u o l l z a t t o n
I n c r e a s e d In severi ty a. the number of doaes incraased f r o m 40 to 65.
Couture e_S U . ("88) a l s o r e p o r t e d that OCDD did have some s l i g h t a f f e c t ,
o f b l ood chemi s t ry I n c l u d i n g d e cr ea s e s I n H C K . M C V , H G B a n d H C T . T h e
author, s u g g e s t that the se r e s u l t s aay I m p l y " m i l d , nonregenera t lv e anemia
r e s u l t i n g f r o n a chronic, n o n l n f e c t l o u s I n f l a m m a t o r y pro c e s s . T h i s I s
most l i k e l y a secondary a f f e c t o f the other a l t e r a t i o n , In the liver."

K e r k v l l e t ££ aj.. ( 1 9 8 5 ) r e p o r t e d that mice o r a l l y a d m i n i s t e r e d 100 or 500
.gAg of OCDD ( s l n g l , d o s o ) 8howed no dec,.ease ln the huBora lmaat

r e s p o n s e a. evidenced by the , p l . n t c ig M r e spons e to s h e ep erythroc 3 .a.
C S R B C ) . T h e s p l e n i c I g H r e spon s e t o s h e ep er throcy t e s ( S R B C ) I s
cons idered on. o f the most s en s i t i v e as says In d e t e c t i n g t o x i c i t y e l i c i t e d
by P C D D s and PGDFs.
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Cancer E f f e c t s

The only carcinogenic da ta a v a i l a b l e p e r t a i n i n g to OCDD were r epor t ed by
K i n g &£, a_i. ( 1 9 7 3 ) . The a f f e c t of OCDD as a c o m p l e t e carcinogen and as
a promoter vere I n v e s t i g a t e d us ing mouse skin tumor f o r m a t i o n &i an
e n d p o t n c . S v i s s - t f e b s t e r mice (30 f e m a l e and 30 m a l e ) vere "paint ed" 3
t imes veekly vi th OCDD ( 0 . 2 ml of a 0.2 e g / m l s o lu t i on for 60 we ek s) to
t e s t f o r c o m p l e t e carcinogenic a c t i v i t y . T o te s t f o r promot ional
a c t i v i t y , the mice vere f i r s t t r ea t ed vith 50 pg of d l m e t h y l b e n z a n t h r a c e n e
(DHBA) pr i or to exposure to OCDD for 59 veeks. No p a p i l l o m a s or
carcinomas vere d e t e c t e d in e i ther e x p e r i m e n t a l p r o t o c o l . H o w e v e r , in the
c o m p l e t e : s T c i n o g e n e « i s s t u d y , 1 subcutaneous tumor vas observed in each
of the sexes. In the promo t i ona l s t u d y . 3 subcutaneous tuaors vere
observed in the male mice and 1 vas observed in f e m a l e mice. The t o t a l
dose of OCDD a d m i n i s t e r e d to the rat s vas a p p r o x i m a t e l y 7080 j ig ( 0 . 2 m g / m l
x 0.2 m l / t r e a t m e n t x 3 c r e a t o e n t s / v a e k x 59 veeks - 7080 e g ) . H e b e r t &£.
a_i. ( 1 9 9 0 ) r e c e n t l y i n v e s t i g a t e d the tumor promo t ing a c t i v i t y of
2 , 3 , 7 . 8 - T C D D , 2 , 3 . 4 , 7 , 8 - p e n t a c h l o r o d i b e n z o f u a n ( 2 . 3 , 4 , 7 , 8 - P e C D F ) a n d
1 , 2 . 3 , 4 , 7 . 8 - h e x a c h l o r o d i b e n z o f u r a n ( 1 , 2 , 3 , 4 , 7 , 8 - H x C D F ) a n d d e m o n s t r a t e d
that all three congeners vere po t en t promot er s of squamous ce l l
carcinomas. I n t e r e s t i n g l y , the dose of OCDD used by K i n g f i£ al . ( 1 9 7 3 ) vas
a p p r o x i m a t e l y 177 t ines gr ea t e r than that o f 1 , 2 , 3 , 4 , 7 , 8 - H x C D F ( l a r g e s t
dose vas 1 u g / t r a a t m e n t x 2 t r e a c a e n t s / v e & k x 20 veeks - 40 0 g ) . Based
on the 1989 TEFs, OCDD vould be p r e d i c t e d to be 100 t imes l e s s p o t e n t than
j , . 2 , 3 , 4 . 7 , 8 - H x C D F . Hovever , OCDD vas shotti not to be a promot er of skin
c a r c i n o g e n e s t s in the S v l s s - W e b s t e r mouse aodel using a dose of OCDD that
should have p r o d u c e d skin tumors at a c omparab l e rate to that of
1 , 2 . 3 . 4 , 7 , 8 - H x C D F a n d 2 , 3 . 7 , 8 - T C D D ( K i n g & £ a j , . . 1 9 7 3 ) . I t should b a
noted tha t H e b e r t &£ s i- ( 1 9 9 0 ) used the h a i r l e s s mice mode l for the
promot i on s t u d i e s w h U a K i n g ££ a l- ( 1 9 7 3 ) used the S v i s s - t f e b s t e r mouse
mode l and the d i s c r e p a n c i e s noted above may be s i m p l y a r e su l t of s p e c i e s
d i f f e r e n c e s . C l e a r l y , nore research is varrsntad to i n v e s t i g a t e the tumor
p r o m o t i n g a c t i v i t i e s o f OCDD and OCDF.

16

thunter
008875



In summary
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5.0 DETERSOHATIOH OF TOXIC EQOTVALEHCY FACTORS

Evalua t ing the human h e a l t h risks a s s o c i a t e d wi th exposure to P C D D s and
PCDFs in the environment is d i f f i c u l t due to a L a c k of da ta de s cr ib ing the
t o x i c i t y of each indiv idual congener. In the environment and in PCP,
PGDDs and PCDFs are found in c o m p l e x mixtures containing any number of the
210 p o s s i b l e congeners , which f u r t h e r c o m p l i c a t e s the human h e a l t h risk
a s s e s sment proce s s .

S . 1 Background

Because of the d i f f i c u l t i e s in a s s e s s i n g the human h e a l t h risk f r o m
exposure to mixture s o f P C D D s and PCDFs, the USEPA d e v i s e d a s y s t e m to
a s s i g n p o t e n c y values f or the many d i f f e r e n t congeners p o s s i b l e in these
M i x t u r e s . T h i s s y s t e m ranks the p o t e n c y o f ind iv idua l congeners r e la t iv e
to 2,3.7 , 8- t e t r a c h l o r o d i b e n z o - p - d i o x i n ( 2 , 3 , 7 , 8-TCDD) (Barnes , &£ aj^ ,
1989; S a f e , 1987; S a f e , e£ a^. , 1989). 2 , 3 , 7 , 8 - T C D D was chosen as the
s tandard as numerous s t ud i e s have i d e n t i f i e d this congener as the most
toxic member of the PCDDs and PGDFs ( P o l a n d and K n u t s o n , 1982). T h e s e
p o t e n c y values are termed toxic equivalent f a c t o r s (TEF) and are derived
f r o m in vitro and in vivo d a t a . The t y p e of d a t a used to derive TEFs
inc lude s but is not l imi t ed to the f o l l o w i n g ; 1) induc t i on of cy tochrome
P450~dependen t monooxygenases in both human and rodent ce l l cul ture as
vail as in animals, 2) inuauno tox i c i ty in mice, 3) body weight los s in a
variety of animal m o d e l s , 4) reproductive t ox i c i ty in mice and 5)
receptor-binding s tudie s . T h e s e are non-cancer b io logica l responses that
are produced upon exposure to 2 , 3 , 7 , 8 - T C D D . Other dioxin isomors can also
cause these e f f e c t s to a le s ser degree. TEFs are ass igned to s p e c i f i c
dioxin isomers based on the ir potency (re la t iv e to 2 , 3 , 7 , 8 -TCDD) at
inducing these a f f e c t s . As described in Sec t i on 3.0, the OCDD
concentrations in livar required to achieve maximal enzyme induction are
1,000 times that of 2 . 3 , 7 . 8 - T C D D . H e n c e , OCDD is considered to ba 1/1,000
as potent as 2 , 3 , 7 , 8 - T C D D and has been assigned a TEF of 0.001.
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It i s important t o emphas ize that v h l l e th e TEFs determined f r o m tho
assays above are used in human carcinogenesis risk asses sments, the
e n d p o i n t o measured in these assays are not in themselves re la t ed to
carc inogeni c i ty . S p e c i f i c a l l y , a l t h o u g h 2 , 3 , 7 , 8 - T C D D i s known t o produc e
tumors in c h r o n i c a l l y e xpo s ed an imal s , a lmos t none of the other dioni, and
furan isomers have been assayed for tumorigenic p o t e n t i a l in a long-term
f e e d i n g study. N e v e r t h e l e s s , many o£ the n o n - 2 , 3 , 7 , 8 - T C D D isomers are
assumed to have aome tuoorigenic p o t e n t i a l due to their a b i l i t y to produce
non-cancer b iochemical r e spon s e s (such as liver enzyme i n d u c t i o n ) s imilar
to 2 , 3 , 7 , 8 - T C D D , Given the expense and prac t i ca l l imi ta t ions associated
with per forming l o n g - t f i r m cancer bioaasays for each individual isomer,
using non-cancer end p o i n t s as ind i ca t or s of carcinogenic p o t e n t i a l is
c o n s i d e r e d th e most reasonable approach f o r a s s e s s ing h e a l t h risks f o r
d iox in mix ture s . The above-mentioned non-cancer re sponse s are bel ieved
to be linked to the same events that are r e spon s i b l e for tumor
d e v e l o p m e n t s . H e n c e , re lat ive p o t e n c i e s based on non-cancer e f f e c t s are
cons idered to be accurate measures of r e l a t i v e carcinogenic po t en c i e s .

To obtain a 2 , 3 , 7 , 8 - T C D D toxic equivalency value for a givun congener in
a mixture, the TEF value e s t a b l i s h e d by EPA is m u l t i p l i e d by the
concentrat ion of the ind iv idua l congener in a mix tur e . For e x a m p l e , the
current TEP f or o c t a c h l o r o d i b e n z o - p - d i o x i n (OCDD) i s 0,001. T h e r e f o r e ,
20,000 ppb of OCDD is treated as 20 ppb of 2 , 3 , 7 , 8 -TCDD for risk
assessment and remediation purpose s (20,000 x 0.001 - 20). T h i s process
is r e p e a t e d for each individual congener or each s e p a r a t e c las s of
congeners and the values ( 2 , 3 , 7 , 8 - T C D D toxic e q u i v a l e n t s ) are then summed
to atrive At in e s t imat e of the toxic po t ency of the mixture. In 1989,
EPA savised the 1987 TEFs. T a b l e 5-1 i l l u s t r a t e s the d i s t in c t d i f f e r e n c e s
between the 1987 and 1989 TEF values. T h e s e include: 1) values of zero
vere a s s i gned t o a l l n o n - 2 , 3 . 7 , 8 - s u b s t i t u t e d congeners , 2 ) d i f f e r e n t T E F s
f o r 1 , 2 , 3 , 7 , 8 - a n d 2 , 3 , 4 , 7 , 8 - P e C 0 F s , 3 ) increasing t h e T E F value f o r
2 , 3 , 7 , 8 - sub s t i tu t ed hexa- and hepta- congeners, and A) increasing the
OCDD/OCDP TEF from zero to 0.001. A p p r o x i m a t e l y 75% of tho "dioxin"
d a t e c t e d in the environment i s the h i g h l y ch l o r ina t ed OCDD (NRCC, 1981).

thunter
008878



T a b l e 5-1C o m p a r i s o n of the 1987 EPA-TEFs and the Revised 1989l - T E F s * f o r P C D D s a n d P C D F ' s *C o n g e n e rMono-, Di-, and TriCDD
2,3.7.8-TCDDother T C D D s

2.3,7.8-PeCDDsother P e C D D s
2 , 3 . 7 , 8 - H x C D D sother H x C D D s
2 . 3 . 7 , 8 - H p C D D sother H p C D D s

O C D D

Mono-, O f - , a n d T r i C D F
2 , 3 , 7 . 8 - T C D Fother T C D F s

1 , 2 , 3 , 7 , 8 - P e C D F2.3,4 ,7 ,8-PeCDFother P e C D D s
2 . 3 , 7 , 8 - H x C D F sother H x C D F s
2 , 3 , 7 . 8 - H p C D F sother H p C D F s

O C D F

E P A - T E F ' S { 1 9 8 7 )
0
1.01

0.50.005
0.040.004

0.0010.0001
0

0
0.1.001
0.10.10.00

0.010.0001
0.0010.00001

0

i - T E F s (198910
10

0.50
0.10

0.010
0.001

0
0.10

C.050.50
0.10

0.010
0.001

"table adapted f r o m Bames, et al.. 1989
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Aft mentioned previous ly , OCDD is the primary Is oner in many dloxin
sources, and increasing the TEF values for OCDD could s i g n i f i c a n t l y impact
t h e h ea l th risk e s t i m a t e s f o r many s i t e s throughout t h e U.S.

5.2 Proposed Mechanism of Action of PCDDs and PCDFs and its R e l a t i o n s h i p
to TEF a

5.2.1 Receptor Binding and Structure - A c t i v i t y Relat ionsh ip s

The toxic and b i o l o g i c r e spon s e s e l i c i t e d by PCDDs and PCDFs are p r o p o s e d
to occur via a r e c e p t o r - m e d i a t e d mechanism. The re c ep tor p r o t e i n that
m e d i a t e s the action of FCDDs and PCDFs vas i d e n t i f i e d in 1976 and was
termed the aryl hydrocarbon (Ah) receptor ( P o l a n d , g£ &!• , 1 9 7 6 ) . To be
a Crue r e c ep tor-media t ed event certain criteria must be met including
( C l a r k , s£ aJt. , 1988):

s p e c i f i c b i n d i n g b y p r o s p e c t i v e l i g a n d s
* high a f f i n i t y b inding of the l igand vith the r e c ep tor
* s a t u r a b l e b ind ing by s p e c i f i c H g a n d s

correlation vith a b i o l og i ca l event
* t i s sue and s p e c i e s s p e c i f i c i t y

The Ah receptor has baen shown to meet all of the above criteria (Poland
and Knutson. 1982; G o l d s te in and S a f e , 1989). The Ah receptor has been
as so c ia t ed vith a number of b i o l o g i c a l r e s p o n s e s e l i c i t e d by P C D D s and
P C D F s i n c l u d i n g : t e r a t o g e n l c i t y , induc t ion o f cytochrome P 4 5 0 - d e p e n d e n t
monooxygena s e s . body weight l o s s , thyraic a t r o p h y , r e g u l a t i o n o f endocrine
s y s t e m s i n c l u d i n g e s t rogen and p r o g e s t e r o n e r e c e p t o r l e v e l s and
i m f f i u n o t o x i c i t y (reviewed in G o l d a t a i n and S a f e . 1989). The mechanism by
which PCDD8 ar.d PCDFs sy.art their a f f e c t s is similar to the mechanism
proposed for s t eroid hormones. PCDDs and FCDFs are l i p o p h i l i c m o l e c u l e s
that p a s s i v e l y d i f f u s e across the c e l l u l a r membrane and into the c y t o s o l i e
compartment of the targe t c e l l ( P o l a n d and K n u e s o n , 1 9 8 2 ) . Once in the
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ey t o s o l . the congener or l i g a n d bind, to the Ah r e c ep t or which re su l t , in
both the t r a n s f o r m a t i o n of the r e c ep tor into a DHA b inding p r o t e i n and the
tran.loc.t ion of the l i g a n d - A h r e c ep tor c o m p l e x into the nucleus of the
c e l l ( H a r r i s , t t a l - , 1989«; H a r r i s , ej: ti.. 1989b; Okey. ^ ^ 19ig.
Okey, t t a. . 1 9 8 C ) . The "nuclear" l i g a n d - A h r e c e p t o r c o m p l e x then
interac t s vith s p e c i f i c DNA sequences termed d i ox ln re spons ive elements
<DRE.) vhich r e s u l t s in the i n i t i a t i o n of t r a n s c r i p t i o n . T h i s mechanism
is veil characterized for the induction of cytochrome P 4 5 0 - d e p e n d e n t
aonooxygen.se,,. S p . c i f t c ORE, have been i d e n t i f i e d in the 5 - f l a n k i n g
region of the cytochrome P450 gene and b ind ing of the l i g a n d - A h r.eeptor
c o m p l e x to DREs has been d e m o n s t r a t e d ( I s r a e l and V h l t l o c k . 1984- I s r a e l
a n d V h i t l o c k . 1983; V h i t l o c k , 1 9 8 6 ; W h i t l o c k , 1 9 8 7 ; t f h i t l o c k . W 8 8 -
W h i t l o c k , 1989; »h i t l o ck a n d G a l e a z z i . 1984).

Numerous i n v e s t i g a t i o n s have e s t a b l i s h e d that t h e e f f e c t s e l i c i t e d b y F C D D
or PCDF a d m i n i s t r a t i o n are s t r u c t u r e - d e p e n d . n t . S p e c i f i c a l l y , the a b i l i t y
of each individual d i ox in i s isomer to e l i c i t the above e f f e c t s d e p e n d ,
on the p l a c e m e n t of the ch lor ine atoms on the d i ox in s truc ture . It ha.
been c l e a r l y e s t a b l i s h e d that the PCDDs and PCDFs c h l o r i n a t e d in the
l a t e r a l po . i t i on s ( 2 . 3 . 7 . 8 - p o s i t i o n , ) are the mo.t p o t e n t vi th re spec t
t o p r o d u c i n g b i o l o g i c a l response. ( S e e T a b l e 5 - 1 ) . 2 . 3 . 7 . 8 - T C D D h a s been
i d e n t i f i e d a. the most active congener of the PCDD. and PCDFs ( G o l d s t . i n
and S a f e . 1989; Ka.on. ^ ̂  r ^ ^ ̂  _ ̂  ^ ^
i l l u s t r a t e , that a. chJ.or in. t i on increase, beyond the 4 l a t e r a l
subs t inuent . for P C D D . . the p o t e n c y of the congener, de crea s e s . Moreover
removal of l a t e r a l sub . t i tuant , al.o c.u... . s i g n i f i c a n t reduc t ion in
p o t e n c y . C o n s i s t e n t vi th the cr i t er ia s ea t ed above for a
r e c e p t o r - m e d i a t e d r e s p o n s e , t h e 2 .3 .7 .8- s u b s t i t u t i o n p a t t e r n c o r r e l a t e s
v i th h i g h a f f i n i t y b i n d i n g f o r t h e A h r e c e p t o r ( T a b l e 5 - 3 ) . Moreover
removal of l a t e r a l or a d d i t i o n of n o n - l a t e r a l s u b s t l t u e n t s dramat i ca l^
a f f e c t , b ind ing to the Ah r e c e p t o r . The s t r u c t u r e - a c t i v i t y and
s t r u c t u r e - b i n d i n g rules f o r P C D F s vary s l i g h t l y f r o a t h , rules e a e a b l i s h e d
for P C D D s . Because of eh. structure of the d i b e n x o f u r a n m o l e c u l e , the
a d d i t i o n of an a d d i t i o n a l s ub s t i t u ene in the C-4 p o s i t i o n r e s u l t s in a
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T a b l e 5-2A S u m m a r y o f t h e I n V i v o B i o l o g i c a n d T o x i c E f f e c t s o f Severa l»nx«nc-b _ .. i *»««.-»**• —.

C o n g e n e r

2 ,3 ,7 .8-TGQF* . j . / . 8 - T B D O1 . 2 . 3 , 7 , 8 - H e C D D1,2.3.4,7.8-H x C D D
t . 3 , 7 , 8 - T C D D1 , 2 , 4 , 7 , 8 - P e C D D
2.3,7 .8-TCDF2.3,4.7.8-PeCDF1,2 .3 ,7 .8-PeCDF

1 , 3 , 4 , 7 , 8 - P e C D F1 , 2 . 3 , 6 - T C D F

in
I n h i b i t i o n o f BodyW e i g h t Gain0.050.0680.621.63

13234.0
3.21.042.64

26.1>250

Vivo EDso (ttmol/kg) - 1-
T h y m i c A t r o p h y

0.090.0340.171.07

10011.0
3.600.211.76
0.70>250

A H H I n d u c t i o n
0.0040.000360.0310.03

T 1 9
2.82

0.6520.0371.47
3 4Q
>160
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s p a c i l l c o n f o r m a t i o n more s imi lar to that of 2 , 3 , 7 . 6 - T C D D (reviewed in
G o l d s t e i n a n d S a f e , 1989).

5.2 .2 Corre lat ion _o f TEFs with A h _ R e c e p t o r Binding

T a b l e 5-3 I l l u s t r a t e * several po in t s of iatsrest with regard to the TEF
systea. In general , congener* that compete vl th [ 3 H ) - ? , , 3 , 7 , 8 - T C D D far
b i n d i n g to the Ah r e c ep t or have been a s s igned TEF values that r e f l e c t this
charac t er i s t i c . T h e s e compounds are t y p i c a l l y s ub s t i t u t ed In the la t era l
2 , 3 , 7 , 3 - p o s i t i o n s ( e . g . , 2 , 3 , 4 , 7 , 8 - P e G D F ) . I n c o n t r a s t , congeners chat
have a reduced binding a f f i n i t y for the Ah receptor such sa
1 . 2 , 4 , 7 , 8 - P e C D F are assigned reduced TEF values and these congeners
g e n e r a l l y are not c o m p l e t e l y sub s t i tu t ed in lateral po s i t i on s .

H o v n v e r , Tab ie 5-3 conta ins tvo ins t snce s where the compet i t I v e EC50
values for the Ah r e c e p t o r are inconsi s tent w i t h the c o r r e s p o n d i n g TEF
value. The s e congeners are 2 , 3 , 7 , - t r i c h l o r o d i b u n z o - p - d i o x i n
( 2 , 3 , 7 - T r l C D D ) and OCDD. As described above, moderate to high c ompe t i t iv e
binding for the Ah r e c e p t o r by a given congener general ly correlates with
a non-sero TEF. However, for at least one congener, namely 2 . 3 , 7 - T r i C D D ,
this la not the case. Recent s tudies u t i l i z i n g [ 3 H J - 2 . 3 , 7 - T r i C D D suggest
that f o l l o w i n g i . p . a d m i n i s t r a t i o n t o G 5 7 B L / 6 mice, t h e r a d i o l i g a n d f a i l s
to accumulate in h e p a t i c t i s sue to any a p p r e c i a b l e d egr e e . Moreover, the
small amount of [ 3 H ] - 2 , 3 , 7 ~ T r l C D D that is retained in h e p a t i c t i s sue doe s
n o t form nuclear ( 3 H J - 2 , 3 , 7 - T r i C D D - A h r e c ep tor c o m p l e x e s ( H a r r i s , & £ & l . ,
1990). Consequent ly, a l though 2 , 3 , 7 - T r i C D D is able to bind to the Ah
rec ep tor , its c ompl e t e lack of act ivi ty in vivo Is r e f l e c t e d In its TEF
value of zero.

T h e case f o r OCDD i s s u b s t a n t i a l l y d i f f e r e n t . T h e E C 5 0 f o r O C D D b ind ing
to the Ah r e c ep t o r is > 10,000 nH, vhich i n d i c a t e s that OCDD has l i t t l e
co no a f f i n i t y for th* Ah receptor In vitro. H o w e v o r , OCDD has been
assigned a TEF value of 0.001. based on its a b i l i t y to cause maximal liver
enzyme induction at a liver concentration 1,000 times that of 2 , 3 , 7 , 8 -
TCDD. There are several po s s i b l e explanat ions for the inconsistency
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_ . - _ , „ — .„. wviovivu u / i o e n z o - jD i b e n z o f u r a n s I n R a t H e p a t i c C y t o s o lC o n g e n e r LateralC h l o r i n e s N o n - l a t e r a lC h l o r i n e s

^ " ^ - f H i i f t K i f i2,3.7,81.2,3,7,82,3,6,72,3.61.2.3.4,7,81.3.7.82.3,72.8
1.2.3,4.5.6,7.8( O C D D )

2.3.4,7,81.2.3,4,7,81.2,3.7,81.2.3,6,7,82.3.7,81.2.4.7.81.2.3.6

44324
3324

4
4
4
4
432

011121004

1
212022

ReceptorB i n d i n gvalueshM)"mmtl.

1079160220280790713200> 10.000

1523074.5270411300354_______________-______ £.________35"• data adapted f r o m Mason, e t a l . , 1986; Mason, et al., 1985
" amount needed to d i s p l a c e 50 % of [3HJ-2 t3.7.8-TCDD (10 nM) in ac o m p e t i t i v e b ind ing assay.

1989I - T E FV a l u e s

10.5000.10000.001

0.50.10.050.10.100
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between the lack of OCDD r e c ep t or-b ind ing ac t iv i ty and the a ta igned TEF.
Couture et &!- (1988) recently sugge s t ed the lack of receptor-binding by
OCDD in vitro could be a funct ion of its high degree of chlorination and
subsequent i n s o l u b i l i t y . C o n v e r s e l y , it may be p o s s i b l e that the liver
enzyme induction observed in the OCDD f e e d i n g s tudie s vere: 1) independent
of receptor*binding and/or 2) caused by a receptor binding contaminant
present in the OCDD. If the enzyme induction was truly i n d e p e n d e n t of
r e c ep t o r b i n d i n g , the carcinogenic p o t e n t i a l of OCDD would need to be
seriously re-evaluated. Receptor binding is critical for translocation
of the chemical into the nucleus. If the chemical cannot bind to the Ah
r e c ep t or in vlvc, then it has no carcinogenic p o t e n t i a l (as d i s cu s s ed
above for 2 , 3 , 7 - T r l C D D ) . Probably the best mathod for resolving this in
consistency betveen lack of r e c ep tor binding in vitro and enzyme induction
in vivo vould be to measure U C - O C D D b i n d i n g to the Ah r e c ep t or in vivo (as
has been done for 2 , 3 , 7 - T r i c C D D ) . IS no b i n d i n g occurred, then OCDD vould
be given a TEF of zero. It is al so po s s i b l e thnt a contaminant caused the
enxyae induc t i on in the OCDD f e e d i n g s t u d i e s . I n d e e d , Blrnbaum and
Couture (1988) mention that several d t o x i n isom:rs vere d e t e c t e d in their
OCDD. but they f e l t that the levels of these trace contaminants vere
i n s u f f i c i e n t to cause s i g n i f i c a n t enzyme induction. T h i s I s s u e may
varrant f u r t h e r s t u d y . In summary:

The cancer and non-cancer e f f e c t s e l i c i t ed by 2 , 3 , 7 , 8 - T C D D andthe other PCDDs/PCDFs are thought to be d ependent on binding tothe Ah receptor.
Only the 2 , 3 , 7 , 8 - T C D D tsonar and a mixture of some Hx CDDs havebeen shown to produce tumors in animals .
TEFj for the other 1sonars are assigned based on their relativepotency (compared to 2 , 3 . 7 , 8 - T C D D ) with respect to mm*cancar
e f f e c t s such as receptor binding and enzyme induction.
OCDD has not been shovn to bind to the Ah r e c e p t o r in v i t r o , yethas been as s igned a TEF of 0.001 because the liverconcentrations of OCDD required to produce maximal enzymeinduction in vivo are approx imat e ly 1,000 t imes the required2 , 3 , 7 , 8 - T C t D concentrations.
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" c e p t o r
l a d u c t l o obS.rv.d „ vivor.optor-lnit i . t .d .nd/or
c.p.cit7 v«. pre8.nt £"tta OCDDIn a l t h t r c«,e the c«rcinQ».n<Jbe ,.rioa,ly qu*.tlo".d *

, »tudte«.o£ OCDD vculd need to

27

thunter
008886



6 . 0 I S T U B X H C E E A S E I K T H E OCDD T K F V A L U E V A W t A H T K D r

It *.a c l e a r f r e t s eh« s t u d i e s noted above that OCDD and OCDF act in a
"dioxin" l i f e * manner under s p e c i f i c d o a i n g regimens ( C o u t u r e , &£ ai- .
1968; Kingf &£ aJ,. , 1973; S c h v e t c , 41 4^. , 1973; t f e r m e l i n g e r ej; aj>. ,
1990) . T h e a e s p e c i f i c c o n d i t i o n s such aa chronic e xpo sur e to smal l
c oncentra t ions &ce not unlike tha t y p e s of e xpo sure s bo th vorkers and
r e s i d e n t * g e n e r a l l y e xp er i en c e . M o r e o v e r , the** congeners tend to
accumula t e in t a r g e t t i i s u e such as the l iv er and l i k e other PCDDu and
PCDPi are not r e a d i l y e e t a b o l l e e d ( A b r a h a m , ££ f l i - , 1 9 8 9 ; Birabxuai and
C o u t u r e , 1988; C o u t u r e . &£ & i- . 198^. K e u b e r c , f i l &JL- . 1990; S c h v a r z , f i t
a A . . 1 9 7 3 ; t f e r m e i l n g e r , a ^ a j , . , 1 9 9 0 ) , K i n g f i £ a l . ( 1 9 7 3 ) demons t r e t a d
OCDD vaa n e g a t i v e as both a .iroooter and in i t i a t o r of skin car e inogene s i s
in the S u U f - W * b * t « t : stouae a o d e l - In a d d i t i o n , tha doce us«d by K i n g ii
a_l. ( 1 9 7 3 ) va* a p p r o x i m a t e l y 177 t i d e s g r ea t e r chin tha" used by H a b e r e
I t A i - ( 1 9 S O ) f o r l , 2 , 5 , 4 , 7 , e - H x C D F i n h a i r l e s s aice a n d s h o u l d h*va
p r o d u c e d tumors at a c o t a ^ 6 T : o ! > l i rate. C l e a r l y baied on tha d a t a c f U e b e r c
i t Ai ( 1 9 9 0 ) and King f t£ f i l l- < l * 7 3 ) thsra i s a d i s c r e p a n c y in the
car c inogen i c p o t e n c y o f OCDD and tha current HEP.

The TEF values o f 0.001 a s s i g n e d to bo th OCDD and OCDF are warranted i f
c e r ta in a s sumpt ion* are c orr e c t , i n c l u d i n g :

1. Encyoe and r e c e p t o r b i n d i n g a s says used to d e t e rmine TEF» forPCDDa and PCDFa are accurate p r e d i c t o r * o f carc inogenic p o t e n c y .There la evidence that this nay not be tha case.
2. The t t e c h a n i f i D of action of PCDD* and PCDFt ia tha aaae in huoansand a n i m a l s .

The s e l e c t i on of a TSF for OCDD of 0.001 r e f l e c t s tha .tile e s tab l i shed by
nuaerou* s t r u c t u r e - a c t i v i t y s t u d i e s n a m e l y , increased c h l o r i n a t i o n in
n o n - l a t e r a l p o s i t i o n s d « c e a & e a the po t ency o f tha congener. The do s ea
used by Couture g£ &&. ( 1 9 8 8 ) and t t e t m e l i n g e r *_t f i l - ( 1 9 9 0 ) to ob tain neee
maxiaal EB.OD induction ware a p p r o x i m a t e l y 500-1000 f o l d greater than tha
aaount o£ 2 , S . 7 , 8 - 7 C D D needed to induce EROD a c t i v i t y to tha same e x t a n t .
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C o n s e q u e n t l y , the USE PA. e t t a b l i a h a d a TEf o f 0.001 far OGDD. H o v a v o r , i t
U I m p o r t a n t to e m p h a s i z e t ha t there at* no d a t a which i n d i c a t e tha t OGOD
is a carcinogen in animal* or huasna. it is recommended that a d d i t i o n a l
s t u d i e s ba c onduc t ed to i n v e s t i g a t e the carcinogenic p o t e n t i a l of OGDD and
OGDP as there is ev idence in tha l i t e r a t u r e tha t s u g g e s t s t h e s e congener*
*re not p r o m o t e r s of the carc inogeni c pro eaca .

I n a d d i t i o n , i t U i m p o r t a n t t o note tha t O C D D d i f f e r s f r o m 2 , 3 , 7 , 8 - T C D D
w i t h r e s p e c t t o n b a o r p t i o n and d i f t r i b u t l o n in b i o l o g i c a l t i a s u a s .
S p e c i f i c a l l y , it U known tha t tha oral b l o a v a i l a b i l i t y of pur* OCDD ia
at l a a a t an order o f m a g n i t u d e lower than tha t o f 2 . 3 . 7 . 8 - T C D D ( f i i m b a u a
and Couture , 1 9 8 8 ) . Darmai b i o a v a i l * b i i i t y la i i k * l y to ba lower by a
c o r r e s p o n d i n g margin. A i d a t c r i b e r i i n t h a U S E P A ' a "1989 U p d a t e t o
p r o c e d u r e s f o r e s t i m a t i n g d i o x l n ri sks":

" T h e T E F s f o r t h « h i g h l y c h l o r i n a t e d congener* ignore t h e i s sueo f r e l f t * iv e b l o a v a l i a b i l i t y o f th e CDD/CDP congan«ra, which havanot U n t h o r o u g h l y i n v e « t i K » t e d . Lower r e l a t i v eb i o a v a i l a b i l i t y of th* h e p t a * and oc ta- f o r a t i c ompared to thet e t r a - for*s would g e n e r a l l y raduc* t h e concern f o r T E Qo a t l u a t e a for s & m p l a s <uch aa tho i e which are domina t ed by theh 6 p t a - and oc ta- f o r m s . Research in t h i s area is n e e d e d tore so lve t h i s p o i n t . '
' I n s a m p l e * taken f r o m b i o l o g i c a l organi sms e x p o s e d t o T C P -c on tamina t ed s o i l s in Region IX, th e TEQ* vere w i t h i n a f a c t o rof two of e«ch o t h e r , when c a l c u l a t e d by the I-TEF/89 method ort h a E P A - T E P / 8 7 m e t h o d . A l t h o u g h t h e d a t a a r a L l D i t e d . theya p p e a r to s u g g e s t that th« d i f f e r e n c e f c in TEQ a observed in thaP C P - c o n t a m i n a t * d soil s a m p l e s are not observed in t i s s u e a oro r g a n i s f f l s e x p o s e d t o t h i s soil."

A c c o r d i n g l y , te would ba inaccurate to treae OCDD concentrat ion aa s i m p l y
a f r a c t i o n of 2 . 3 , 7 , 8 - Y G 0 D in risk a saaseaant . OCDD shou ld be t r a a t a d at
a s p e c i f i c chemical Af concern, with i t s own b i o a v a i l a b i l i t y f a c t o r s , whan
a s s e s s i n g h e a l t h r i sks a t d iox in contaminated s i t a s .
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I n suttoary:

OCDD d o t s not a p p e a r to bind to the Ah r e c e p t o r in vitro.R e c e p t o r b i n d i n g is c o n s i d e r e d to be a c r i t i ca l s t e p in thecarcinogenic proc e s s of dioxin.
A TEP of 0.001 for OCDD/OCDP va« r e c e n t l y e s t a b l i s h e d by th«U S E P A bacauee O C D D i s a p p r o x i a a t c l y I / L O O O a t p o t f t n c a i 2 , 3 , 7 , 8 -TCDD in cau s ing max imal ansyaa i n d u c t i o n in rat l i v e r .
R t c a p t o r - b i n d i n g c o n t a a i n e n t f t v«ra known to ba praonc in thaOCDD us*d in tha h i g h - d o a a g a animal f a a d i n g s t u d i a * .
tha TEF is ba sad s t r i c t l y on non-cancer e f f a c e s , t h e r e «ra nod a t a i n d i c a t i n g t h a t OCDD is a carcinogen.
OGDD s h o u l d ba t r e a t e d AS a s p e c i f i c i n d i c a t o r ch e e i ca l a td i o x i n s i t e s .
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GLEASUP GOALS FOR AMOTOOD

During past d i s cu s s i on s r e g a r d i n g p o t e n t i a l d i ox in c l eanup L e v e l s f o r
so i l s tt the Arkvood s i t e , it has bean sugges t ed that "a remedial goal of
20 ppb dioxin is a p p r o p r i a t e for Arkvood since this level has bean used
at other in<ias t r ia l S u p e r f und s i t a s throughout the U . S . " tt i« impor tan t
to emphas ize that a i m p l y a d o p t i n g a c l eanup level f r o m another s i t e is
inappropr ia t e and c o m p l e t e l y ignores recent USEPA guidance for d eve l op ing
soil remediation goals at S u p e r f u n d sites. In 1989, the USEPA I s s u e d a
guidance document that has been p r e p a r e d e x p r e s s l y for the purpose of
e s t a b l i s h i n g soil c leanup levels at individual S u p o r f u n d s i t e s . The
document, en t i t l ed "Guidance f or Es tab l i sh ing T a r g e t C l e a n u p Leve l s f or
S o i l s a t H a z a r d o u s W a s t e S i t e s " ( 1 9 8 ? ) p r o v i d e s d e t a i l e d guidance f o r
der iv ing h e a l t h - b a s e d , s i t e - s p e c i f i c c l eanup l e v a l s f o r chemicals in s o i l .
Tfta aain ob j e c t i v e s of the guidance document are: 1) to ensure that site*
s p e c i f i c f a c t o r s are cons idornd during development of remediation
c r i t e r i a , and 2) to avoid the use of arb i t rary, n o n - s p e c i f i c c l e a n u p
cr i t e r ia .

As d e s c r i b e d in ehe guidance document , the remediation goal e s t a b l i s h e d
for a p a r t i c u l a r s l e a i s u sua l ly not d i r e c t l y a p p l i c a b l e to another. A
s c i e n t i f i c a l l y d e f e n s i b l e , h e a l t h - p r o t e c t i v e remediation goal f or any s i t e
requires a detai l analys i s of several s i t e - s p e c i f i c f a c t o r s , including:
d i s t a n c e to tha nearest hunan re c ep tor , me t e oro l og i ca l c o n d i t i o n s , the
nature of the dioxin present at tha s i t e , soil t y p e , d e p t h of
contamination, etc. A d o p t i o n of a cleanup level e s t a b l i s h e d at a
d i f f e r e n t s i te provides no guarantee r.hat the remediation criteria vill
be h e a l t h - p r o t e c t i v e .

The above mentioned cleanup level of 20 ppb vas i n i t i a l l y developed
p r i m a r i l y by Dr. Renata K tub rough of tha C e n t e r s for Disease Cont ol ( C D C )
for a dioxin s i ta in Mis sour i , thia c leanup level vaa not a heal th-based
l e v e l , as it vas not derived through a c a r e f u l , thorough evaluat ion of
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p o t e n t i a l exposures and haalch risks. A c c o r d i n g l y , it vi,s not tha intant
<yf the CDC that this level ba rout ine ly a p p l i e d to other dioxin s i t e s
vithout consideration of s i t e - s p e c i f i c conditions. As described in the
Record of Decision (ROD) for the S y n t a x Agribusines s site in Verona,
H i s s o u r i :

"Ktmbrough recommends that risk manage men t decisions by £?Ashould be based upon a consideration of the s p e c i f i ccircumstances and exposure o p p o r t u n i t y at each contaminateds i t e . K i n b r o u g h notes that in c er ta in n o n r e s i d e n t I A ! areas,higher dioxin levels may present an acceptable degree of heal thrisk."

In summary, use of a r emed ia t i on goal f r o m another s i t e vithout
cons iderat ion of s i t e - s p e c i f i c f a c t o r s i s i n a p p r o p r i a t e and incons i s t en t
with UEEPA guidance. In order to ensure consistency with the current
prac t i c e of risk assessment and accepted me thodo log i e s for e s tab l i sh ing
remediation cr i t er ia for s o i l , it would be a p p r o p r i a t e to derive a cleanup
level for dioxin at Arkvood in a manner cons i s t en t with the 1989 EFA
guidance document, as o p p o s e d to s i m p l y a d o p t i n g & cleanup level f rom
another s i t e .

0 9 1 0 S H F 1
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A P P E N D I X D
A l t e r n a t i v e s t o I n c i n e r a t i o n f o r S o i l s C o n t a i n i n gG r e a t e r than 20 ppb D i o x i n

U S / , 0
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A U E E H & T X V E S TO XHCIHEEA7IOB FOR SOILS
CONTAINING >20 PPB DIOZIN

It has been s u g g e s t e d tha t , based on h i s tor i ca l pr e c edenc e , Inc inera t i on
is the only a c c e p t a b l e remedial a l t e r n a t i v e for s o i l s containing >20 ppb
dioxin. However, a review of several Records of Decisions for dioxin
s i t e s throughout the U . S . ind i ca t e s that several a l t e rnat ive s t o
incineration have been used for soi l s containing greater than 20 ppb
diox in.

Some of these are summarized below:

D i a m o n d - A l k a l i : SO L i s t e r Avenue - New J e r s e y ( 1 9 8 8 ) .
containing >20 ppb dioxin vill be c a p p e d o n - s t t e . S o i l s

S e l m a Pressure T r e a t i n g Co. - C a l i f o r n i a ( 1 9 8 8 ) . S o i l scontaining >20 ppb vill be bonded with cement and covered on-s i te with a RCRA cap.
Broderick Wood Product s - Adams County, Colorado ( 1 9 8 3 ) . S o i l scontaining >20 ppb dioxin vill be stored on-site in a s ingle-lined and covered waste p i l e .

In genera l , if the site is Indu s t r ia l and is r e la t ive ly inaccessible,
dioxin l ev e l s of >20 ppb are a c c e p t a b l e , as long as measures are taken to
prevent migra t i on f r o m the s i t e and/or direct human contact. As described
in a memo ( 5 / 8 / 8 7 ) from Vernon H o u k , A s s i s t a n t Surgeon General for th«
C e n t e r s o f Disease Control (CDC) to Barry J o h n s o n , A s s o c i a t e A d m i n i s t r a t o r
for the Agency for Toxic Substances and Disease Registry:

"For industrial areis, it is a c c ep tab l e to leave sur face
coneentracions of grea t er than 20 ppb under the paved s u r f a c e .
T h i s would require continued monitoring far integr i ty of the
paved s u r f a c e where the average dioxin l eve l s exceeding 20 ppb
are l e f t under the pavement."
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A c c o r d i n g l y , i t would be inaccurate to a t t u m a that i n d u s t r i a l aoil*
con ta in ing >20 ppb d i ox in rau«t be i n c i n e r a t e d to p r o t e c t p u b l i c h e a l t h .
T h e r e i s v e i l - e s t a b l i s h e d p r e c e d e n t in which such a o i l a at S u p e r f u n d g iu t
have b««n r e m e d i a t e d v i t h a l t e r n a t i v e m e t h o d s .

G i v e n the f a c t t ha t 1) d i o x i n - r*U ted h e a l t h r iaks at Arkuood «ra
ftatiraat-fld to ba on th« order of 10 *8, and 2) the average diox in
concentre tiona at Arkvood range f r o m 10 - 70 p p b , it is A p p a r e n t that j o i i

of >20 ppb d i o x in vould bo h e a l t h p r o t e c t i v e for A r k v o o d .
0 9 1 0 S K F 1
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A P P E N D I X E
C a l c u l a t i o n o f P r e l i m i n a r y H e a l t h - B a s e d S o i l C l e a n u pL e v e l s f o r P o l y n u c l e a r A r o m a t i c H y d r o c a r b o n s ( P A H s )at the Arkwood S i t e in Omaha, A r k a n s a s

UB4Q
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P R E L I M I N A R Y E S T I M A T E S O F H E A L T H - B A S E D S O I L C L E A N U P L E V E L S F O R P O L Y N U C L E A R
A R O M A T I C H Y D R O C A R B O N S ( P A H s ) A T T H E A R K W O O D S I T E I N O M A H A , A R K A N S A S
I N T R O D U C T I O N

T h i s document p r o v i d e s p r e l i m i n a r y h e a l t h - b a s e d c l e a n u p l e v e l s f o r P A H s i n
s o i l s a t the A r k w o o d , I n c . sica in Omaha, A r k a n s a s . T h e s e c l e a n u p l e v e l s
a r e ' h e a l t h - b a s e d ' . I n that thaae I f / e l s o f P A H i n soil would n o t pre sent
a s i g n i f i c a n t h e a l t h r i sk to the e xpo s ed p o p u l a t i o n s de s cr ib ed in the 1989
Endangeraent A s s e s s m e n t ( E A ) . T h e d e r i v a t i o n o f h e a l t h - b a s e d s o i l c l e a n u p
l e v e l s c on ta ined here in f o l l o w s t h e m e t h o d o l o g y p r e s c r i b e d by th e
" G u i d a n c e f o r E s t a b l i s h i n g T a r g e t C l e a n u p L e v e l s F o r S o i l s a t H a z a r d o u s
V a s t * S i t e s " f l ' S E P A . 1 9 8 B > T h i s gu idance d i v i d e s t h e current t a sk in to
f o u r s t e p s : — — — —

1 )
2 )
3 )

D e f i n i t i o n o f E x p o s u r e S c e n a r i o
E x p o s u r e A s s e s s m e n t
D o s e - r e s p o n s e A s s e s s m e n t f o r C h e m i c a l s o f Concern
Dose A l l o c a t i o n a n d C a l c u l a t i o n o f T a r g e t C l e a n u p L e v e l s

The e x p o s u r e a s s u m p t i o n s d e s c r i b e d in t h i s document are i d e n t i c a l to chose
used in eh. 1990 E v a l u a t i o n o f the A f k w o o d R i f i k A 3 s e s s [ D e n c w.ch

e x c e p t i o n o f the dermal and oral b i o a v a i l a b i l i t i e s , which were der ived
herein s p e c i f i c a l l y f o r t ha P A H , . The EPA ha s a c c e p t e d risk l e v e l , o f o n e
.» one hundred thousand (10'*) and gr ea t e r at s i t e s wher3 C h e s i z e o f ,h e
r e c e p t o r p o p u l a t i o n wou ld p r o b a b l y r e s u l t i n very i n f r e q u e n t e x p o s u r e ' s
For t h e p u r p o s e s o f t h i s a s s e s s m e n t , h e a l t h - b a s e d so i l cleanu* l e v e l s „
c a l c u l a t e d f o r t w o r i sk l e v e l s : 1 0 ' 6 a n d N T 5 .

1 - 0 D E F I N I T I O N O F E X P O S U R E S C E N A R I O S

As d e s c r i b e d in the 1989 EA, the most p r o b a b l e f u t u r e land use c o n d i t i o n s
nvo v u n r e s t r i c t e d access to the M a i n S i t e a s w e l l as the R.Uroad

D i t c h (Ensure S c e n a r i o I I ) . T h e 1989 E A c o n s i d e r e d c h i l d a n d a d u l t
e x p o s u r e a t the M a i n S i t e and e xpo sur e o f r a i l r o a d p e r s o n n e l, c h i l d r e n
and a u l t s at the R a i l r o a d D i t c h . T h e s e p o p u l a t i o n s are a l s o c o n s i d e r e din t h i s document.
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2 . 0 E X P O S U R E A S S E S S M E N T

2 .1 F a t e and T r a n s p o r t A s s u m p t i o n

have been shown to be s u s c e p t i b l e to various degradat ive processes in
s o i l . H o w e v e r , f or th e p u r p o s e o f d er iv ing h e a l t h - b a s e d soil c l eanup
l e v e l s , it w i l l be assumed that PAH l e v e l s in soil remain cons tant .

2.2 Pathways and Routes of Expo suras

Expo sur e pathways are the means through which an individual may come into
c o n t a c t w i t h a chemica l in the environment ( e . g . , d r i n k i n g c on tamina t ed
water f r o m a w e l l ) . Rouces of exposure describe the means through which
che chemical gains entry to the body via a p a r t i c u l a r pathway ( e . g . ,
dermal a b s o r p t i o n o f a s o i l -bound chemical w h i l e g a r d e n i n g ) . T h i s s e c t i on
describe? all of the p o t e n t i a l pathways and routes of human exposure to
ehe PAHs at the Arkwood s i t e . The q u a n t i t a t i v e as se s sment of e x p o s u r e ,
combined w i t h a k n o w l e d g e of the PAH c o n c e n t r a t i o n pre s en t at the s i t e ,
prov ide s the basis for e- t imat ing d a i l y PAH uptake and any as sociated
h e a l t h r i sks . The i98C EA - - , i t i f ied several p a t h w a y s of e x p o s u r e to PAHs
at the A r k w o o d s i t e . T h e s e pa thways in c lud ed dermal and oral a b s o r p t i o n
of so i l-bound PAHs. PAHs were not d e t e c t ed in the groundwater at the
s ice . The e xpo sur e r.ii j n e t a r s d e v e l o p e d in the f o l l o w i n g s e c t ions are
summarized In T a b l e 2-1.

2 . 2 . 1 E x p o s u r e V i a

S o i l . Inees_t i o n

Exposure to contaminants at the Arkwood s i t e may occur through ingeation
of c a n t a s i i n a t & d soil e i th er dur ing recreat ional or o c cupa t i ona l
a c t i v i t i e s . I n g e s t i o n o f soil g e n e r a l l y i s c o n f i n e d to ch i l dr en between
the ages of 1.5 to 6 years of age and this is a raaule of the tendency of
c h i l d r e n at this age to mouth and chew f o r e i g n o b j e c t s . Moreover , several
f a c t o r s can i n f l u e n c e th i s behavior i n c l u d i n g n u t r i t i o n a l and econoaic
scatus as we l l as race (Charney, et &i., 1980). A variety of e s t imate s
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T a b l e 2 . 1 • l i f e t i m e Average D o i l y Dose ( L A Q O > E q u a t i o n s
C a r c i n o g e n i c P o l / n u c l e a r A r o m a t i c H y d r o c a r b o n s

E X P O S U R E S C E N A R I O : K A I H S I T E
Expo sur e P a t h w a y : QraE

R E C E P T O R
P O P U L A T I O N

C H I L D
A D U L T

t I F E T I H E
E x p o s u r e P a t h w a y ; Dermal

R E C E P T O R S K I H S U R F A C EP O P U L A T I O N
C H I L D
A D U L T

L ' l F E F t N e

/ ^xpQgurig^yept j (exposure event s / y e a r )

625.00
040.00

E X P O S U R E S K M A R I O : R A J L R O A O A R E A
E x p o s u r e Pathway: Ora(

R E C E P T O R
P O P U t A F I O M

AMOUNT OF SOR
A D H E R I N G T O S K I K

C m g / c t g )
0.50
O . S O

S O U ( H G E S T I O B
R A T E

E X P O S U R E
F R E Q U E N C Y

event s / y e a r t
6.00
t2.00

C O K V E R S I O K
F A C T O R B t O A V A t t A B U I T r

t .OOE-06
I . O O E - 0 6 0.006

0.006

E X P O S U R E
L K J R A T I O H
C y e a r s V

E X P O S U R E
D U R A T I O N

C y e a r s )
6.00

58.00

E X P O S U R E
D U R A T I O H

( y e a r s )

T I H E C O K V E R S i O M
F A C T O R 1/BOOV H E I G H T

2. W E - 0 5
2 . W E - 0 5

H U E C Q K V E R S ' 0 «
F A C T O R

^ ( y g a r s / d a y )

T . 4 5 E - 0 3

2.74E-03
2.74E-03 S . 4 5 E - 0 2

1.45E-02

T ! M S C O M V E R S I O K T / B O D r W E I G H T
F A C T O R

f y e & r s / d a v ) C l / k a )

«R P E R S .
Exposurt P f l t h w a y : Dennat

R E C E P T O R S C I * S W J r A C E
P O P U t A l l O H A R E A

>) j e m g / e v e n t >

6.00 I.OOE-06 0.40

2 . 7 4 E - O J
2 . M E - Q J

30.00 2.7-4E-Q3

J.4SE 02
1 . 4 5 E - 0 2

C K E L D
A D U L T

L I F E T I M E

RR P E R S .

T I H E C O N V E R S I O M
F A C T O R t /BOOt H G I G H Te a r s / d a y ) C l

340.00 O . S Q 6.00 t . O O P - 0 6 0.006 30.00

^.74E-03

2.745-03

3.45E-02
t.43E-02

T . 4 3 E - 0 2
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T a b l e 2 . T • L i f e t i m e Average O a i t y ttose ( L A W » Equa t i on s C C O M T . >C a r c i n o g e n i c P o i y n u c l e o r A r o m a t i c Hydrocarbon s
E X P O S U R E S C E N A R I O : K M K 5 1 T 6
Exocsure Pathway: Oral

R E C E P T O R V A W E R A G r W G
F O P U L A r i O W T I M E

C g r o u p )
S O I L I N T A K E H T P O F P

F A C T O R S O U
s o t l A g bw-ctoy>

3 0 T R . R E S I D .
LADO LAOS

< n S / f c g / d a y )
C K I L D
A D U L TL I F E T I M E K 4 S E - 0 2

E x p o s u r e Pathway: Dennal
R E C E P T O R 1 / A V E C A G I H G

S . 7 7 E - 1 0

S O I L I H T A K E
F A C T O R

S O f t / f c
H V P Q r K E T I C A L

S O I L C O N C E N T R A T f O H H O T R . B t S t D .
LAOD LAOO( n g / f c g / d a y j

C H I L D
M U L T

t . F E T I H E 1 . 4 J E - 0 2

E X P O S U R E S C E N A R I O : R A I L R O A D A R E A
Exposure Pathway: Oral

R E C E P T O R 1 / A V E R A G I M G

B.36E-11
9.01E-1Q

S O I L 1 M T A I C E
F A C T O R

t.OQ£*02
1.00E*Q2
t.OOE*02

3.58E-098.36E-OV
9 . 0 I E - 0 8 ,̂ _̂ ^̂ ,̂
*.84E-08 j 4.22E-OB

LAOO 30 VR. RESIB.
U D f >( t / y g a r s > ( k g s o i t / f e g b w -

C H I L D
A D U L T

L t F E T t M E
RR PERS. 1.43E-02

Exposure Pathway: Derowl
R E C E P T O R

P O P U L A U Q H

7.80E-10
8.771-W

3.02E-10

S O U I M T A K E
F A C T O ?

C f c f l s o i t / h g bw-davt.

4.17E-09
7.BOE-08 S.346-06e.?7E-Q8 \ s.y6e.oa

l .OOE-02

H r P O I H E I I C A L
S O U C O W C E H I R A H O W

O n g / k g >

2.02E-OS | 8.6AE-09 (

€ n > g < ' l e g / ' d a Y > ( a g / l e g / c t o y ?
C H t t D
A D U L T

L I F E T I M E
RR PERS.

1.4 IE Q2
1 . 4 J E - 0 2 l.OOE-02

1.00E*02
9 . I 2 E - 0 ? 3 . 9 I E - Q 9

4 . 2 f E - O a1.07E-07 f 6.60E-08
2.54E-1Q 1.006*02 2.S4E-08 f !.09E-OS I
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have been propo s ed for the amount: of soil inges ted by young chi ldren.
O r i g i n a l l y , the CDC p r o p o s e d as much as 10 & / d a y of soil was i n g e s t e d by
c h i l d r e n between the ages of 1 and 3.5 w h i l e c h i l d r e n 3.5 and 5 years of
ags were assumed to ingest I g / d a y of s o i l . However , Pauscenbach et al.
( 1 9 8 6 ) c a l c u l a t e d that i f the se a s s u m p t i o n s by CDC were correc t , then 80%
of the entire l i f e t i m e dose of a non-vo la t i l e , hydrophobic chemical
pre s ent in soil would occur during the f i r s t 5 years of l i f e ( P a u s t s n b a c h ,
!£ al. , 1 9 8 6 ) . Other groups have a t t e m p t e d ta es t imate the soil intake by
c h i l d r e n i n c l u d i n g : N R C , 40 m g / d a y ; Day &£ j t L . ( 1 9 7 5 ) , 100 m g / d s y ;
B r y c e - S m i t h ( 1 9 7 4 ) . 33 s a g / d a y ; H a w l e y ( 1 9 8 5 ) . 100 t a g / d a y .

R e c e n t l y , Caiabr e s e e_£ al . ( 1 9 8 9 ) c onduc t ed a r igorous s t u d y to d e t e rmine
the amount of soil that was t y p i c a l l y inges ted by chi ldren. T h i s group
u t i l i z e d the measurement of cracer e l e m e n t s in the f a c e s of 64 h e a l t h y
ch i l dr en between the ages of 1 and 4 years. T h i s s tudy was more
d e f i n i t i v e than p r i o r i n v e s t i g a t i o n s because i t a n a l y z e d th e d i e t o f th e
c h i l d r e n , assayed for the presence of tracers in tho d i a p e r s , assayed
house dust and surrounding s o i l , and c orr e c t ed for the p h a r m a c o k i n e e i c s of
the tracer m a t e r i a l s . E i g h t t rac er e l e m e n t s were measured in t h i s s t u d y
though three e l ement s n a m e l y , Si, Al and Y gave the best p e r c e n t a g e of
recovery ( c l o s e to 100%) and the lowes t s t a n d a r d d e v i a t i o n . Based on the
r e su l t s of two of che three most r e l i a b l e tracers, the amount of soil
i n g e s t i o n by c h i l d r e n ( 2 - 4 years of age* was f o u n d to average
a p p r o x i m a t e l y 25 r a g / d a y .

A d u l t s do not g e n e r a l l y ingest soi l and thus the ir intake of p o t e n t i a l l y
contaminated soil would be quite low (Venseer and F r a t e , 1 9 7 9 ) .
M o r e o v e r , even t a k i n g into account poor hygiene and e a t i n g
s o i l - c on tamina t ed f o o d , the 100 m g / d a y f i g u r e sugge s t ed by CDC for use in
e s t i m a t i n g so i l intake by ado l e s c ent* and a d u l t s seems high. A f i g u r e of
5 fflg/day is reasonable if, as some have s u g g e s t e d , a d u l t s i n g e s t I o n 10% of
the amount o f d ir t eaten by c h i l d r e n . T h e r e f o r e , the f t ^ l o w i n g aoil
inge s t ion rates w i l l be used to derive hea l th-ba s ed soil c l eanup levels.
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A g e G r o u p ( y e a r s ) I n g e s t i o n Rate ( m g / d a y )

0-6
6-12

12-70

25
5
5

T h e ing e s t i o n rate o f 2 5 f o g / d a y i s derived f r o m C a l a b r e s e ' c ( 1 9 8 9 ) tracer
s t u d y , and the 5 B g / d a y value is based on the a s sumpt i on chat a d u l t s and
a d o l e s c e n t s inge s t so i l at a rate of 10% that o£ c h i l d r e n .

2 . 2 . 2 I X P O J I U r e v i a D a r f f l f l l A b a 0 r p t - ] | | P n

A d h e r e n t s

A paraae t er that can e f f e c t che deraal a b s o r p t i o n of PAHS i . the a f f l o u n t of
.oil a d h e r i n g to hu-an skin. Lepov aj; 4. ( 1 9 7 5 ) ^ a d h a s l v 4 ^
•-P1. . d e f i n e d area of skin s u g g e s t e d tha t the amount of so i l a d h erin g=o human skin was a p p r o x i m a t e l y 0.5 B g / c m ' ( L e p o w . K ^ 1 9 7 5 )
F u r t h e r m o r e , t h e C a l i f o r n i a D e p a r t m e n t o f H e a l t h S e r v i c e s T o x i c S u b s t a n c e ,
C o n t r o l D i v i s i o n e s t i m a t e d tha t a p p r o x i m a t e l y 0.9 n g / c f f l 2 of , o i l . . .
a d h e r i n g to the hands o f c h i l d r e n (average age was 11) ( S e r v i c e s 1 9 8 6 )
I n a d d i t i o n , several s t u d i e s have been p u b l i s h e d which d e s c r i b e t h e e f f a c e
of soil p a r t i c l e s ize .nd organic cont en t of soi l on adherence of soil to
huaan skin. For exa-p l e . Qu a Kee a U. ( 1 9 , 5 ) u s l n g . v a r l e £ y o £ ^
of d i f f e r e n t p a r t i c l e S l z e s u g g e s t e d that on average, about 0.2 Bg/ca= of
so i l was a d h o r i n g to the hands of s aa l l a d u l t s (Q u e H ae. t t al 1 9 8 5 )
Driver £t ai . ( 1 9 8 9 ) surveyed various s o i l s o f d i f f n r . ^ ^. , is ot a««rent organic content

t h e i r a b i l i t y to adher, to human hands ( a d u l t f f l a l e ) l e W M
ined t h a t the average ^ount of so i l a d h e r i n g to hu31.n h,nds ua s

0.6 .g/ca (un.i,ved». T h u s , t.,6 a v a i l a b l e l i t e r a t u r e s u g g e a t s that the
-~ .« soil a d h e r i n g to the hands of humans r e s id e s soBewh.re between
0.2 and 0.9 ngW (Driver , tt ^. . W M ) . ^^ {of ^ ^ ^
. . U b l L h t n . h e a l t h - b a s e d «ll c l e a n u p l e v e l s . . value o f 0.5 ag/ca2 seenga r ea sonab l e e s t i m a t e for the amount of ,011 a d h e r l n g M ^
humans .
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2.3 B i o a v a i l a b t l l t y o f Polynue l ear Aromatic H y d r o c a r b o n s (PAHs)

Environmental contaminants are able to cross b i o l o g i c a l barriers with
varying d e g r e e s o f e f f i c i e n c y . The b i o a v a i l a b i l i t y (% o f a p p l i e d dose
that is s y s t e m i c a l l y a b s o r b e d ) of an environmental contaminant is governed
p r i m a r i l y by 1) the phys i co-chemical p r o p e r t i e s o£ the contaminant, 2) the
environmental m a t r i x in which it is p r e s e n t , and 3) the nature of the
b i o l o g i c a l membrane. Chemical s in soil are u sual ly absorbed to a l e s s e r
' I n g r e s than t h e chemicals i n pure f o r m . B i o a v a i l a b i l l c y f a c t o r s f o r
inge s t ed contaminants in water or soil t y p i c a l l y f a l l in the range of 20-
30%. w h i l e dermal a b s o r p t i o n f a c t o r s for c h e m i c a l s in water or s o i l are
o f t e n las s than 10%.

B i o a t r a i l a b i l i t y f a c t o r s are t y p i c a l l y e s t imat ed f r o m s t u d i e s in which
c b a a i c a l s u p t a k e has bean measured in animal s e x p o s e d to the chemical of
concern (in pure form and/or bound to s o i l ) . In the absence of any
e x p o s u r e d a t a i n v o l v i n g the chemical o f concern, i t i s u s u a l l y a p p r o p r i a t e
to examine the re su l t s of exposure s t u d i e s p e r f o r m e d with s i m i l a r
c h e m i c a l s . For e x a m p l e , many risk a s s e s smen t s I n v o l v i n g PCB expo sure
assume that: the oral b i o a v a i l a b i l i t y or PCBs in soil is 40%. T h i s
a s s u m p t i o n i s based on a number of I n g e s t ion s t u d i e s p e r f o r m e d w i t h s o i l -
bound d i o x i n , a chemical which pos s e s s e s many phys i c o- ch emi ca l
c h a r a c t e r i s t i c s s i m i l a r to the P C B s and is known to be a p p r o x i m a t e l y 40%
absorbed f r o m so i l upon inge s t i on.

The e s t i m a t e of b i o a v a i l a b i l i t y of soil -bound PAHs is an important
parame t er in the risk as s e s sment pro c e s s . W h i l e several i n v e s t i g a t o r s
have repor t ed b i o a v a i l a b i l i t y f i g u r e s for some PAHs admin i s t e r ed in pure
f o r m , l i t t l e i n f o r m a t i o n i s ava i lab l e on the b i o a v a i l a b i l i t y o f s o i l - b o u n d
P A H s ,

The sections below describe the oral and dermal b i o a v a i l a b i l i t y f a c t o r s
used to derive the h e a l t h - b a s e d c l eanup l e v e l s f or PAHs (as a g r o u p ) .

2.3.1 Oral - B l g a v a i l a b i l i c v
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Oral b i o a v a i l a b i l i t y is a measure of the degree to which a chemical w i l l
be s y s t e m i c a l l y absorbed f o l l o w i n g i n g e s t i o n . S o m e chemical s are absorbed
a l m o s t c o m p l e t e l y (100% b i o a v a i l a b i l i t y ) when i n g e s t e d in pure f orm.
Other chemica l s may p a s s through the body l a r g e l y unabsorbed. In g e n e r a l ,
as the l i p o p h i l i c i t y of a chemical increases , its a b s o r p t i o n across the
g a s t r o i n t e s t i n a l tract increases.

Oral b i o a v a i l a b i l i t y of s o i l -bound chemical s is a l s o d e p e n d e n t on the rate
at which c h e m i c a l s d i s s o c i a t e f r o m the soil matr ix in the gut. S o i l - b o u n d
c h e m i c a l s are u s u a l l y absorbed to a l e s s e r degree than a c h e m i c a l in pure
f o r m . The reduced a b s o r p t i o n i s a r e s u l t o f a h y d r o p h o b i c a t t r a c t i o n
between the c h e m i c a l , and the s o i l m a t r i x . The grea t er the d egr e e of
a f f i n i t y becween chemical ar.d s o i l , che l a s s l i k e l y i t i s that s o i l - b o u n d
ch emi ca l w i l l ba absorbed upon i n g e s t i o n .

The d egre e to which s o i l - b o u n d PAHs are ab sorbed upon i n g e s t i o n has not
been r e s ear ched . H o w e v e r th e oral b i o a v a i l a b i l i t y o f s o i l - b o u n d PAHs can
be e s t i m a t e d based on the r e s u l t s of research involv ing c o m p o u n d s w i th
s i m i l a r p h y s i c a l p r o p e r t i e s , p r i m a r i l y soil b i n d i n g c o e f f i c i e n t s ( K o c ) .
The s o i l b i n d i n g c o e f f i c i e n t i s che measure o f th e t endency for organi c
c h e m i c a l s co be absorbed to s o i l . It i s e x p r e s s e d as f o l l o w s :

K o c

A h i g h Koc

'a d d l e .nvlronaenc o f t h e g a s t r o i n t e s t i n a l trac t . * ..11 svan in

compound f o r

K- s p e c i f i c , ? ; - - « A -s p e c i f i c oral b i o ^ a i l a b i l i c y f a c t o r s for d i o x i a in s oil and
been d,a r ain e d for several s i t e s (Shu t t ^.. 1988; U n b r e l t^ , I9M) .
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a s s e s s m e n t s , i n c l u d i n g t h e C e n t e r s o f Disease C o n t r o l ( C D C ) h e a l t h risk
assessment for T i m e s Beach, M i s s o u r i where dioxin in soil was assumed to
be 50% b ioavai lab l e ( K i m b r o u g h &£ &i. , 1984). The f e e d i n g s tudie s of
Poiger and S c h l a t t e r ( 1 9 8 0 ) and M c C o n n e l l e_£ al. (1984) provided the basis
for t h i s e s t i m a t e . The r e s u l t s of those s tud i e s have also been used to
e s t i m a t e b i o a v a i l a b i l i t i e s for s i m i l a r chemical s in numerous risk
a s s e s s m e n t s ( P a u s t e n b a c h , 1 9 8 6 ) .

An oral b i o a v a i l a b i l i t y f a c t o r of 50% was used for PAHs in the 1989 EA.
S i m i l a r l y , for the purpo s e s of this risk asses sment, 40% oral
b i o a v a i l a b i l i t y i s assumed for PAHs in a soil ma tr i x . T h i s a s s u m p t i o n i s
s u p p o r t e d by the f a c t t h a t , l i k e d i o x i n : PAHs are r e a d i l y absorbed in the
gut when a d m i n i s t e r e d in pure f o r m or in s o l u t i o n ( D r i l l eg & 1 . , 1 9 8 1 ) ,
and PAHs are s i m i l a r to d i o x i n in tha t they g e n e r a l l y have very low vapor
pre s sure s , very low water s o l u b i l i t i e s , and most i n p o r t a n t l y , a very high
a f f i n i t y for soil as noted by their high Koc values.

2 . 3 . 2 Dermal B i o a v a i l a b i l i t y

For a chemica l to be absorbed through the p e r cu taneou s r o u t e , i t must pa s s
through the s t ra tum corneum, the e p i d e r m i s , the dermis and into systemic
c i r c u l a t i o n . In c o n t r a s t , compounds absorbed by the lungs or
g a s t r o i n t e s t i n a l tract may pas s through only two c e l l s to be s y s t e m i c a l l y
absorbed ( K l a a s e n e t ; a j ^ . , W i ) . I t i s g e n e r a l l y a c c e p t e d tha t d i f f u s i o n
throughou t the s t ra tum corw.ua i s the rate l i m i t i n g f a c t o r for dermal
a b s o r p t i o n ( S c h e u p l e i n a n d B l a n k , 1971; S c h a e f e r e _ t a j , . , 1 9 8 3 ; H c L a u g h l i n ,
1 9 8 4 ) . It s hou ld be k e p t in mind tha t a b s o r p t i o n is a t ime-dependen t
phenomenon since chemical s move across the s tratum corneum by passive
d i f f u s i o n . For the purpo s e s o f this a s s e s sment , i t w i l l be conservat ive ly
assumed that contaminated soil w i l l bs in contact wi th skin for 12 hours
b e f o r e the so i l i s washed f r o m the skin.

The v e h i c l e in which the chemical is d e l i v e r e d to tha skin can have a
de c id ed impac t on the e f f i c i e n c y of a b s o r p t i o n . The a b i l i t y of a compound
to p e n e t r a t e the skin is dependent on two consecutive phys i ca l events.
The compound must f i r s t d i f f u s e or desorb f r o m the vehicle to the skin
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s u r f a c e , and then must p e n e t r a t e the skin ( G s t r e n g a e_£ al. . 1 9 7 1 ) .
A b s o r p t i o n of c ontaminant s f r o m a medium such as s o i l and dust if
inh ib i t ed by p h y s i c a l chemical bonding to the soil matrix and because only
a small p o r t i o n of the contaminant is in direc t contact with the skin
( H a w l e y , 1 9 8 5 ) .

Yang et &!• ( 1 9 8 9 ) measured percutaneous absorpt ion of Benzo(a)pyrene
(BaP) absorbed to soil contaminated with p e t r o l e u m etude o i l . The p e r c e n t
recovery was measured at 24 hour interval s a f t e r the a p p l i c a t i o n of a
"monolayer" of 1% p e t r o l e u m c r u d e - f o r t i f i e d soil on the skin of f e m a l e
rats . The authors note that 1) soil a p p l i e d in excess of a rnono layec (-9
t i g / c a 2 ) did not increase the amount of BaP absorbed, and 2) the a b s o r p t i o n
o f BaP showed l i t t l e change over the a p p l i e d c o n c e n t r a t i o n range between
0.1 and 1000 p p m . The authors r e p o r t e d that a p p r o x i m a t e l y 1.1% of the
dose appeared in urina and f a c e s 24 hours a f t e r dos ing. Sinc e it is
u n l i k e l y tha t a s i g n i f i c a n t p o r t i o n of the absorbed BaP dose c ou ld have
s e q u e s t e r e d into t i s s u e s or body fa t w i t h i n t h i s short t ime p e r i o d , i t i s
reasonable to assume that the p e r c en tag e of J o s e measured in che urine and
f e c e s i s r e p r e s e n t a t i v e of the t o ta l absorbed dose. For the p u r p o s e s of
t h i s a s s e s s m e n t , i t w i l l be assumed that 0.55% of the PAH c o n c e n t r a t i o n in
s o i l that adher e s to skin is absorbed dur ing a 12-hour p e r i o d [ 1 . 1 % x (12
h r s / 2 4 h r s ) ] .

A p p l y i n g t h e r e s u l t s o f ra t s t u d i e s i s a conservat ive a p p r o a c h . S e v e r a l
r e p o r t s have s u g g e s t e d that rat skin may be at l e a s t 1 0 - f o l d mor»
permeable than human skin (Bart ek , ej; a l . . 1 9 7 2 ; Bartek and La Budde.
1 9 7 5 ) . M o r e o v e r , i t has been r e p o r t e d that the d i f f e r e n c e in p e r m e a b i l i t y
between rat and human skin was gr ea t e r for l i p i d - s o l u b l e c ompounds than
f o r w a t e r - s o l u b l e c ompound s C o m p a r i s o n o f t h e p e r m e a b i l i t y o f sever*!
compounds i n c l u d i n g tha l i p o p h i l i c h a l o p r o g i n and wac er- s o lub l t
a c e t y l c y s t e i n e gave i n t e r e s t i n g r e s u l t s . The rat:human dermal p e n e t r a t i o n
rat io f o r t h e H p o p h i l i c h a l o p r o g i n wa s 9 : 1 , In c o n t r a s t , t h e very water
s o l u b l e a c f e t y l c y s t e i n e rat:human dermal p e n e t r a t i o n r a t i o was 1.4:1
( B a r t e k . e^ a^,, 1972; Bartek and La Budde, 1 9 7 5 ) . These r e su l t s suggest
chat a b s o r p t i o n by human skin of l i p o p h i l i c chemical s i s a p p r o x i m a t e l y
1 0 - f o l d l e s s than that o f ra t skin.
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The 1989 EA assumed a dermal b i o a v a i l a b i l i t y of 1% for PAHs in s o i l , based
on the Kimbrough e s t imate for dioxin. For the p u r p o s e s of this
a s s e s s m e n t , a dermal b i o a v a i l a b i l i t y of 0 .55% is assumed.

2.4 Dose C a l c u l a t i o n s

2.ft.I General I n t a k e .Equation

In thi s review, the tocal l i f e t i m e average d a i l y dose (LAJ)D) is used to
q u a n t i t a t i v e l y e s c i f f l a t e p o t e n t i a l cancer r i sk s . The t o ca l LADD is the sum
of the LADDs c a l c u l a t e d for each age group. Oral and dermal LADDs for
each age group are c a l c u l a t e d according to the f o l l o w i n g general equation:

C X C R . X . . E F D
BW X AT

W h e r e :
intake; the amount of chemical ( m g / k g body w e i g h t - d a y ) at
the t txchange boundary ( e . g . , skin or g a s t r o i n t e s t i n a lt r a c t )

C h e m i c a l - . r e l a t e d , var iab l e

chemical c o n c e n t r a t i o n ; the average c o n c e n t r a t i o n c o n t a c t e d
over t h e e xpo sure p e r i o d ( e . g . , f f l g / k g s o i l )

V a r i a b l e s that d e s c r i b e t h e e x p o s e d o o o u l a t i o n

CR - c on ta c t r a t e ; the aicount of s o n t a f f i n a t e d medium contactedper unit t ime or event ( e . g . , kg s o i l / d a y )
EFD - exposure frequency and durat ion; de scribe s how long and how

o f t e n exposure occurs. O f t e n c a l c u l a t e d using evo cerma(EF and *J»:
EF - exposure frequency ( d a y s / y e a r )
ED - exposure duration (year s)
BW - body w e i g h t ; the average body weight over the exposureperiod ( k g )
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A s s e s s m e n t - d e t e r m i n e d var iab l e

AT

T h i s general equation i s c on s i s t en t w i th the general dose equation
p r e s e n t e d i n t h e U S E P A ' s Human H e a l t h Eva lua t i on Manual a n d i s c on s i s t en t
with the aquat ion d e s c r i b e d in the 1989 EA.

c. I n t a k e E q u a t i o n

*» general t n t a k e equacion Ls f f l o d - f i a d for ^ ^^ ^
a o s o r p c i o n a s f o l l o w s :

P T l J j l E a k f i . ( m g / k g - d a y ) -

W h e r e :
CS
I R

C F
F I

ABS
EF
ED
BW

A T

C h e m i c a l C o n c e n t r a t i o n i n S o i l ( m g / k g )
I n g e s t i o n Rate ( m g s o i l / d a y )
Conver s i on F a c t o r (10" 6 k g / m g )
F r a c t i o n I n g e s t e d f r o m C o n t a m i n a t e d S o u r c e ( u n i C l e s s )

A b s o r p t i o n F a c t o r ( u n i t i e s )
E x p o s u r e F r e q u e n c y ( d a y s / y e a r s )
Exposure Durat ion ( y e a - s )
Body H e i g h t ( k g )

A v e r a g i n g Tin. ( p e r i o d over which expo sure i. averaged
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A b s o r b e d .Dermal P.ose ( m g / k g - d a y ) - CF x. CF x SA x . . A F , x ABS.X.EF x ED
BW X AT

V h e r e :
CS -
CF -
SA
AF -
ASS -
EF -
ED
BW
AT -

Concentrat ion in S o i l ( m g / k g )
Conversion F a c t o r (10"6 k g / m g )
Skin S u r f a c e Area A v a i l a b l e f o r Contact ( c m 2 3 / e v e n t )
S o i l t o S k i n Adherence F a c t o r ( t u g / e m 2 1

A b s o r p t i o n F a c t o r ( u n i t l e s s )
Exposure Frequency ( e v e n t s / y e a r )
Exposure D u r a t i o n ( y e a r s )
Body W e i g h t ( k g )
A v e r a g i n g T i m e ( p e r i o d over which e xpo sure i s a v e r a g e d )

Both equa t i on s c o n s i d e r b i o a v a i l a b i l i t y o f the chemical in the a b s o r p t i o n
f a c t o r . Derivation of oral and dermal b i o a v a i l a b i l i t y values is d i s cus s ed
in S e c t i o n 2.3. E x p o s u r e a s s u m p t i o n s used in e s t i m a t i n g chemical intake
are l i s t e d in T a b l e 2-1.

3 . 0 D O S E - R E S P O N S E A S S E S S M E N T F O R C A R C I N O G E N I C P A H s

C e r t a i n PAHs have been shown to p r o d u c e cancer in l a b o r a t o r y a n i m a l s ,
a l t h o u g h there is no evidence of carcinogenici ty in humans. I n d i c a t o r
ch emi ca l s i d e n t i f i e d a t the Arkuood s i t e inc lude the carcinogenic PAHs
b e n z o ( a ) p y r e n e . b e n z o ( a ) a n t h r a c e n e , b e n z o ( b ) f l u o r a n t h e n e ,
b e n z o ( k ) f l u o r a n t h e n e and chrysene.

For ths vast m a j o r i t y of PAHfi found at hazardous waste s i t e s , there are
inadequate d a t a to assess c a r c i n o g e n i c i t y , and c o n s e q u e n t l y the USEPA has
only p r o p a g a t e d a s l o p e f a c t o r f o r b en2o(a)pyrene [ B ( a ) P ] (11.53 mg/kg/
d a y " 1 ) . H o w e v a r , recent s c i e n t i f i c thought i n d i c a t e s that a s s e s s i n g the
carcinogenic risk of t o t a l PAHs as a group using th i s s l o p e f a c t o r would
c e r t a i n l y lead to an ov er e s t ima t i on in e s t i m a t e d risk. For e x a m p l e , the
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TABLE 2JL
EXPOSURE

f A C T O R

S O t t I N G E S T I G S RATE6-12 years
12-70 years

S O I L A D H E R E N C E F A C T O R
S U R F A C E AREA
6-12 years12-70 years

D E R K A L B I O A V A t L A B I L I T Y
ORAL
L I F E T I K S E X P O S U R E D U R A T I O N

a l l receptor* p o p u l a t i o n s

5 »g/day
5 n g / d a y
0.5

625 car
870 cm2

.55%

R E F L S E K C E C I T E D _FOR
g E F I N E P j - i S S U H P T I O H S

C i l a b r e s e et al . . 1989

Driver ec al. t 1989

U . S . E P A ,
S n y d e r , 1975

30 years

at al . . 1989
Shu et a l . , 1968

U . S . E P A . 1989b

all other exposure a s s u m p t i o n s are I d e n t i c a l to those used in the 1989 Endangaraant Asseseaent
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carc inogeni c s t r e n g t h of b e n s o ( a ) a n t h r a c e n e is f ound to be about 1 / 2 , 0 0 0
of that o f 3 ( a ) P . T h e r e f o r e t h e a p p r o a c h used here in, which assumes that
all PAHii are equivalent to BaP in p o t e n c y , is e x t r e m e l y h e a l t h -
conservat ive .

U s i n g t h e equat ions p r e s e n t e d i n S e c t i o n 2 , 0 , a r i s k - s p e c i f i c l i f e t i m e
average d a i l y dose (or u p t a k e ) can be c a l c u l a t e d as f o l l o w s :

R i s k - S p e c i f i c L i f e t i m e D a i l y Dose ( L A D D ) - _ _
S l o p e F a c t o r

For B a P . .h e r i s k - s p e c i f i c dose a s s o c ia t ed w i t h a i x 1 0 ' * r i

R i s k - S p e c i f i c - L A D D ( m g / k g - d a y ) -
risk equa l s :

x 1Q -5
11.53 ( m g / k g - d a y ) - 1

- 8.67 x 10*7 m g A g - d a y

4 . 0 C A L C U L A T I O N O F H E A L T H - B A S E D S O I L C L E A N U P L E V E L S

T h e d o s e e q u a t i o n s p r e s e n t e d i n S e c t i o n 2 . 0 f o l l o w t h e general f o r m :

U * CsL
W h e r e :

LADD -
U
CsL -

L i f e t i m e Average D a i l y Dose
U p t a k e ( t h e p r o d u c t o f a l l e x p o s u r e p a r a m e t e r s )
Contaminant S o i l C o n c e n t r a t i o n

To c a l c u l a t e the h e a l t h - b a s e c i so i l c l e a n u p l e v e l , , t h e ^ t -

by a t i s k . S p e c i f i c doae ( R a D ) and the e q u a t i o n i s s o l v ed for C s L

CsL - RaD / U
W h e r e :

CsL
RsD
U

( E q . 4 - 1 )

Contaminant S o i l C o n c e n t r a t i o n
R i s k - s p e c i f i c D a i l y Dose
U p t a k e ( t h e p r o d u c t o f a U e xpo sur e p a r a m e t e r s )
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The R i s k - s p e c i f i c Dose ( R s D ) i s c a l c u l a t e d by d i v i d i n g the a c c e p t a b l e
increased cancer risk level (10"6 or 10"s) by the Cancer Potency F a c t o r
(CPF) . As previous ly d i s cu s s ed , the CPF for b enzo(a)pyrene o f
11.53 ( m g / k g / d a y ) " 1 is used in these c a l c u l a t i o n s . As d e s c r i b ed b e l ow , rhe
f r a c t i o n a l RsO assoc iated with each exposure pathway is used to derive the
c leanup l ev e l s .

6.1 Relat ive C o n t r i b u t i o n o f D i f f e r e n t Pathways

The l i f e t i m e average d a i l y dose (LADD) equations were ca l cu la t ed for etch
p a t h w a y using A h y p o t h e t i c a l soil PAH concentration of 100 r a g / l e g .
D i v i d i n g chase numbers into the t o t a l LADD for al l pa thways , the r e la t ive
c o n t r i b u t i o n o f each p a t h w a y t o t h e t o t a l dose i s d e t e rmined ( S e e A p p e n d i x
A). As can be seen in T a b l e 4-1. the contribution of both tho oral *r.d
dermal pathways to overall dose is about f i f t y percent.

4 . 2 S e l e c t i o n o f t h e A p p l i c a b l e C e a n u p L e v e l s

The d e r i v a t i o n o f h e a l t h - b & ^ e d soil cleanup l eve l s f or carcinogenic PAH*
is pre s en t ed in T a b l e 4-2. C l e a n u p l evel s are e s t a b l i s h e d for each
f r a c t i o n a l RsD and the lowes t value is chosen as the c l e a n u p l eve l for the
s i t e . T h e s e c l eanup l e v e l s (a? p r e s e n t e d in T a b l e 4 - 2 ) i n d i c a t e that A
soil concentration of a p p r o x i m a t e l y 50 ppm carcinogenic PAH* would be
p r o t e c t i v e of al l p o t e n t i a l l y exposed p o p u l a t i o n s associated wi th the most
l i k e l y f u t u r e land use scenario. It is impor tant to note that these are
very conservative c l eanup l e v e l s as they assume that all of the PAHs at
the Arkwood s i t e are as carcinogenic as b e n z o ( a ) p y r e n e , even though thi s
is known not to be the case.

5 - 0 S0MHARY
The main conclusions of thi s pr e l iminary assessment may be summarized &&
f o l l o w s :

* The exposure a s sumpt ions used in this document are taken frow
t h e pr imary s c i e n t i f i c l i t e r a t u r e .
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T a b l e 4-1 Dose F r a c t i o n a t i o n

R E C E P T O R
P O P U L A T I O N

pathway-
visitors oral

dermal

R a i l r o a d personneloral
dermal

F R A C T I O N A L R f i D s
Ra i 1 road M a i n S i t e( r a g / K g / a a y ; ( * }

3.76E-08
4.59E-Q8

S . 6 6 E - 0 9
1.09E-08

45%
55%

44%
56%

(rag/ K g / d a y ; (*;

3.76E-08
4.22E-08

N A
NA

47%
53%

N A
N A

LADD - L i f e t i m e Average D a i l y Dose ( e s t i m a t e d f r o m e x p o s u r e )N A - N o t A p p l i c a b l e

thunter
008920



1ABLE 4 - 2 : DOSE f R A C U O W U J O H A N D C A L C U L A T I O N O F H E A L T H - B A S E D S O U C L E M t U P L E V E L S
R i s k Leve l o f I E - 0 6 :
S C E N A R I Oreceptor L A D D t o t a l L A W C O N T R I B U T I O N B I S K I E V E L c p f R S O

( p i g A s / d e y a imgA9Atey> < f f a c t i o n ) ( u n i t l e s s ) V * » 9 / f c 3 / d a y > <a*y k g / d a y )
e q . f i S O U P T A K E C s l

< k g / f c g / d a y ? [ m g / k g / d a y )
Main S f t e

R a i l r o a d
a d u l t

«r«t i$i
rr pers.

& .d lpna l 'F

R i s k Leve l
S C E S A R I Q

receptor
tt at KmiV "<•T^w^mwy

M a i n S 1 t «

R a i l r o a d
adult

rr pers.

! A.22E-08

3.76E-00
4.59E-08

1.096-08

of IE -05 :

LADO
(mg/ k g / d a y )

3.76E-08
4.22E-08

8.66E-09
1.09E-08

7.98E-ofl

A.3SE-08
S.35G-08
1.96E-00
1.96E-08

t o t a l UDO
( m q / k q / d B y )

7.96E-08
7.98E-08

3.35E-08
8.35E-08

1.96E-08
1.96E-08

0.53

0.45
0.55
0.44
0,56

C O N T R I B U T I O N
i n f r a c t i o n )

0.47
0.53

0.45
0.55

0.56

l.OOE-06
l.OOE-06

l.OOE-06
1.00E-06
l.OOE-06
1.00E-06

R I S K I E V E L
(unit less?

1. ODE-05
l.OOE-05

l.OOE-05
l.OOE-05

l.OOE-05
l.OOE-05

1,35£*01 A . o T E - O S
1. 15E-H01 8.e7E-OS

I . I M ' 0 1 8.67E-08
1.15E*01 8.67E-08
1.1SE+G1 G.67E-08
1 . 1 5 E - K J 1 8.67E-08

CPF RSO
1/<»g/kg/day3 t « 9 / k g / d a y >

1.15E*01 S.67C-07
1.15E*431 5.67E-07

1.15E*01 8.67E-07

1.15E»01 8.67H-07
1.15E*01 0.67E-07

4.09E-08
4.59S-08

3.91E-08
4.776-08
3.84E-08

eq.RSO( » g / k g / d a v ) «
4.09E-07
4.59E-07

3.91E-07
4.77E-07

3.84E-Q7
4.82E-07

e.m-io
9.85E-10

8.77E-10
1.07E-09
2.02E-10
2.54E-10

U P T A K E

8.77E-10
9.85E-10

1.07E-09

2.0̂  10
2.54E-10

46.oO
46.56

44.53
44.56
190.09
189.89

Csl
t m g / k g / d a y )

465.97
465.63

445.32
445.57

1900.94
1898.92

IADO • L J f e t l n w Average D a i l y Dos*
C O N T R I B U I I O H - R e l a t i v e c o n t r i b u t i o n t o t o t a l L A W )
C P F • Cancer P o t e n c y F a c t o r
f laD • R l s l c a p e t H i c Dos*
U P T A K E - S o i l in tak* f a c t o r <S«* l»bU 2 . 1 )
C s l - Contaminant l e v e l i n S o i l (CU»R"> I I V E I )
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Under the most p r o b a b l e f u t u r e use c ond i t i on s at A r k w o o d ,
a p p r o x i m a t e l y 50 ppm of carc inogenic PAHs in Arkwood s o i l s would
be a s s o c ia t ed w i th a 10*6 h e a l t h ri sk. T h i s assumes that all
PAHs are as carcinogenic as b e n z o ( a ) p y r e n e , the most
carcinogenic PAH known.

S i n c e many of the PAHs at Arkwood are l eas carcinogenic than
b e n z o ( a ) p y r e n e , c l eanup l e v e l s of much great er than 50 ppm
( t o t a l carcinogenic P A H s ) would s t i l l b e h e a l t h - p r o t e c t i v e .
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A P P E N D I X F
A l t e r n a t i v e I - S i e v e a n d W a s h / I n S i t u V i t r i f i c a t i o n

US40
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The f o l l o w i n g i n f o r m a t i o n i s p r o v i d e d t o compare soil w a s h i n g / I S Vto A l t e r n a t i v e H by us ing the same f o r m a t as that of the FS Report .
6 .2.10 A l t e r n a t i v e I - S i e v e a n d W a s h / I n S i t u y i t r i f i c a t f t
D e s c r i p t i o n
In A l t e r n a t i v e I, th e s i t e i s f e n c e d and e x i s t i n g structures ar eremoved. A f f e c t e d s o i l s are excavated and treated by sieving-and-washing. The s a n d / f i n e s s lurry p o r t i o n i s pumped to the washwatertreatment process de scribed in A l t e r n a t i v e E and dawatered. A l s oas in A l t e r n a t i v e E, the coarse s o i l s are s eparat ed into f r a c t i o n sfor t e s t i n g and f i l t r a t e i s recycled to the s ieve-and-wash process .A trench i s excavated and b a c k f i l l e d wi th the d e w & t a r e d s a n d / f i n e sf r a c t i o n , f i l t e r cake f r o m th e washwater p r o c e s s i n g sys t em ands l u d g e f r o m the r a i l r o a d d i t c h and the s inkho l e . C o n t e n t s o f thetrench a r e then proce s s ed b y i n s i tu v i t r i f i c a t i o n ( I S V ) . A l t e r -nat ive I p r o v i d e s d e s t r u c t i o n by p y r o l y s i s of c on s t i t u en t s ofconcern in the s l u d g e and in the s a n d / f i n e s f r a c t i o n of the s o i l .O f f - g a s e s generated d u r i n g the process are cap tured beneath a hoodand d e l i v e r e d to an on-s i t e t r ea tment sy s t em. Th* a a n d / f i n e s soiland s l u d g e f r a c t i o n contains a p p r o x i m a t e l y 30% of th« soil mass and80% of the PCP mass in the s o i l s . The r e s u l t a n t inert m o n o l i t h isl e f t in p l a c e and b a c k f i l l e d w i t h a c l ean f i l l / t o p s o i l c ap t oaccommodate sub s idence r e s u l t i n g f r o m a r edu c t i on in volume ofa p p r o x i m a t e l y 3 0 % t o 4 0 % wi th t h e I S V proces s . T h e s inkho l e f l u i d sand equipment d e c o n t a m i n a t i o n water are t r ea t ed by carbon ad sorp-t ion. The carbon is then d i s p o s e d of by i n c o r p o r a t i o n in one ofthe m e l t s . The r emainder of the s i t e i s covered w i t h a t o p s o i lcap.

To construct the ISV sy s t em, a trench is excavated in an area abovethe water t a b l e and away f r o m any areas of concern r e l a t e d to karstg e o l o g y f e a t u r e s . T h e trench i s l ined with p l a s t i c . T h e n s a n d /f i n e s f i l t e r cake and s l u d g e are t r a n s p o r t e d to and b a c k f i l l e d intothe trench. E l e c t r o d e s are p l a c e d in the a f f e c t e d mater ial at as p a c i n g s u f f i c i e n t to treat an area a p p r o x i m a t e l y 25 ft square inp l a n . A hood is erected over the area to cap tur e v o l a t i l e emis-sions and the ISV proce s s i s commenced. E l e c t r i c power i s a p p l i e dto me l t the soil mass by h ea t ing i t t o t e m p e r a t u r e s o f 1 , 6 0 0 ' C t o3 , 0 0 0 ' C . T h r e e hours a f t e r t h e i n i t i a l mel t area i s c o m p l e t e d , t h esub s id enc e zone is b a c k f i l l e d and the hood is moved to cover thenext treatment area w h i l e the f i r s t i s c o o l i n g . The proces s i sr epea t ed unt i l all mat er ia l d e p o s i t e d in the trench has beens o l i d i f i e d into an iner t , o b s i d i a n - l i k e mass which requires nof u r t h e r treatment and has no p o t e n t i a l for m i g r a t i o n .
Previous s t ud i e s b y G E O S A F E , I N C . o n various I S V trea t ed wastesshown that c h l o r i n a t e d organic s d e compo s e to their basic e l ement s

F - l
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of carbon, hydrogen and chlorine* T h i s proces s wi l l achiever e su l t s which, under a p p r o p r i a t e a p p l i c a t i o n condi t i ons , exceedinc inera t i on p e r f o r m a n c e s t a n d a r d s a n d meet E P A ' s E P - T o x i c i t y a n dT C L P criteria.
Opera t i on of the sieve-and-wash system is as de scr ibed inA l t e r n a t i v e F. The s a n d / f i n e s wi l l be removed and b a c k f i l l e d int h e trench wi th th e f i l t e r cake b e f o r e s t a r t i n g th e ISV process.C o n s i d e r a t i o n w i l l be given to the p o s s i b i l i t y of treat ing thed e e p e r l o ca t i on s of a f f e c t e d m a t e r i a l , such as at the railroads i d i n g , in p l a c e wi thout excavation. The ISV process i s d e s ignedto operate on a continuous basis until all material in the trenchhas been t r e a t e d .
Prior to f u l l s cale o p e r a t i o n , t r e a t a b i l i t y t e s t s are required too p t i m i z e I S V sy s t em p e r f o r m a n c e .
Des ign Basis
See S e c t i o n 6.1.3 for basis of f e n c i n g , decontamination and removalof e x i s t i n g s t ru c tur e s , s i eve-and-wash, ground water m o n i t o r i n g andt o p s o i l cap.

V o l u m e excavated 20,400 c.y.
Area o f t o p s o i l c a p 650,000 s . f .

I n s i tu v i t r i f i c a t i o n d e s i g n parameters
C o n s t i t u e n t s o f concern
H e a t value o f a f f e c t e d
material

Required c l e a n u p l e v e l s

S o i l t y p e / c o m p o s i t i o n

S o i l moisture content
V o l u m e to be treated

P C P , D i o x i n , P A H
S u b s t a n t i a l in s l u d g e whichw i l lrequire d i l u t i o n with others o i l .
300 ppm PCP, 20 ppb d i o x i n
a s 2 , 3 , 7 , 8 , T C D De q u i v a l e n t s
C l a y with chert nodul e s( a p p r o x i m a t e l y 60% ofv o l u m e ) ; chemi s t ry not yetevaluated.
Assume 25%
7,000 to 8,000 c.y.

F - 2
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Dry d e n s i t y
D e p t h o f p r o c e s s i n g

T o n n a g e to be t r ea t ed

Assume 1.3 t o n / c . y .
Assume 15 f t , d e p e n d i n gupon s i t e s p e c i f i cc ondi t i on s
10,400 tons , based uponassumed d e n s i t y

Q u a n t i t y o f mater ia l treated per s e t t i n g
V o l u m eT o n n a g e A p p r o x i m a t e l y 400 c.y.

A p p r o x i m a t e l y 520 tons
E x p e c t e d mel t d i m e n s i o n s 15 ft x 25 ft x 25 ft

C o n s t r u c t i o n Period 6 months to 1 year
O p e r a t i n g Period 6 months to 1 year

F - 3
U540

thunter
008927



7 - E V A L U A T I O N O F A L T E R N A T I V E S F _ O R _ . S L U D G E S _ & N D _ A F F E C T E D S O I L S

7.2

7.3

7.4

7.5

7.6

( S e e F S Repor t , V o l u m e I , M a y 2 3 , 1 9 9 0 )
Overall Protection of Human. H e a l t h and the Environment
A l t e r n a t i v e I ( S i e v e - a n d - W a s h / l n s i tu V i t r i f i c a t i o n ) i srated "++" since it provides the greatest reduction inresidual risk. The reasons are that ISV prov ide sde s truc t ion and removal of organic compounds ,v i t r i f i c a t i o n of inorganic compounds, and total emissionscontrol to p e r m a n e n t l y e l i m i n a t e the p a t h w a y of exposure.
C o m p l i a n c e _w_ith ARARs
A l t e r n a t i v e I ( S i e v e - a n d - W a s h / I n S i t u V i t r i f i c a t i o n ) i srated "." because it c o m p l i e s wi th A R A R s .
Long Tens E f f e c t i v e n e s s and Permanence
A l t e r n a t i v e I ( S i e v e - a n d - W a s h / I n S i t u V i t r i f i c a t i o n ) i srated "-*•+" for this criterion because with the ISVproc e s s , it is p o s s i b l e to achieve maximum p o s s i b l ed e s t r u c t i o n . A d d i t i o n a l l y , the v i t r i f i e d mass i s iner t ,analogous to an obsidian p e t r o l o g y .
Reduction o f T o x i c i t y f M o b i l i t y . o r_Volume
A l t e r n a t i v e I ( S i e v e - a n d - W a s f t / I n S i t u T ? i t r i f i c a t i o n ) i srated "++" for the f o l l o w i n g reasons:a. ISV r e s u l t s in c o m p l e t e d e s t r u c t i o n o f c on taminan t sat o p e r a t i n g t e m p e r a t u r e s ,b. A volume reduction of 20% to 40% is achieved with ISV,c. T r e a t a b i i i t y t e s t s w i l l i n d i c a t e no l e a c h i n g f r o m thev i t r i f i e d mass, andd. The process is irreversible,
S h o r t - T e r m E f f e c t i v e n e s s
A l t e r n a t i v e I ( S i e v @ - a n d - W a s h / I n S i t u V i t r i f i c a t i o n ) i srated "4-". Compared to on-site incineration, the amountof soil h a n d l i n g and r e s u l t a n t e xpo sur e , is somewhatl ea s . Moreover, there i s l e s s overall e xpo sure wi th ISVdu« to the shorter p r o j e c t durat ion and because there ist o ta l emissionn control wi th I S V .

F - 4
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7.7 I m p l e m e n t a b i ]

7,8

- * <f i e v e- a n d-w*sh/ln s i tu V i t r i f i c a t i o n ) is

a v a i l a b l y , aob i l e and e a s i l y s t a l l e d T r M n i lPersonnel are a l s o a v a i l a b l e . At th i s tim?? the Artoood

wash 1C "because:
t
 S i t u v i t r i f i c a t i o n ) ..th i s cr i t er C o s t s for in i<- ,

"ceed^ »? .i.".-̂ -"cineration, costs are reduced
a. The equipment is t r a i l e r m o u n t e d , for the most cartreduc ing costs f or m o b i l i z a t i o n and

F - 5
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TABU 6-1
O N O F E S T I M A T E D C O S T A f O T I M E T O C O M P L E T I O N

R E M E D I A L A L T E R N A T I V E S F O B S L U X E S * M 3 A f F E C T E D S O I L S

Omana .
s < t e

( e r n a t

A MO AC I ion

& S i t e D e f t c i e d A C t e s *

c < - n c i n e f a : e S ' u d g e i > T O O S O H C a p over

o . n c m e r a t e S i j d g e i / c o n s o n d a i e J n a
S i t e

tO 4

t l

s*

C o s t [ a j
( f f l * 1 I i on s i ( v e a r i t

tO 39

o j

o s

s*ev« and

8 ' O i o g i c a H v T r e a t «mei j n d C J D - < n P l a c e
s o t i i

s l u d g e s
so- < i on-s i

s i c v«-

* t f « c i e a

nd * " e c t e d s o < -

n -s^ ;u <. , i f i f i c a i ion

16 6

1 1 4

J 3

na

1 0

* 0

2 0

c o t u a r e n e i p r e i e n t v a l u e baieo o n t n e f o l l o w i n g
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R O C E E D I H G
* * * *

M S . G R E E N E Y : T h e p u r p o s e o f o u r m e e t i n g
t o n i g h t i s f o r u s t o d i s c u s s t h e r e m e d i a l
x n v e s t i g a t i o n t h a t wa s done ou t t h e r e a t t h e s i t e
a n d t o s h a r e t h e r e s u l t s o f t h a t i n f o r m a t i o n w i t h
you. It i s g o i n g t o b e real i n f e r n a l , s o i f you
have some q u e s t i o n s / l e t u s know.

And we want t o make sure t h a t e v e r y b o d y
h a s a b l u e s h e e t . T h a t i s t h e f a c t s h e e t t h a t w e
a r e g o i n g t o b e t a l k i n g abou t t o n i g h t . I t h a s
t h e c u r r e n t i n f o r m a t i o n o n t h e f r o n t , w i t h aome
b a c k g r o u n d i n f o r m a t i o n / j u s t some g e n e r a l
i n f o r m a t i o n o n t h e ba ck .

A l s o , t h e p i n k i s a q u e s t i o n n a i r e t o l e t
us know how we are d o i n g , wha t e l s e we can do to
p r o v i d e more i n f o r m a t i o n to you in case you are
n o t g e t t i n g e n o u g h , o r i f what y o u a r e g e t t i n g ,
y o u d o n ' t u n d e r s t a n d , p l e a s e l e t u s k n o w , b e cau s e
we w o u l d l i k e t o s h a r e t h e i n f o r m a t i o n t h a t we
have w i t h you.

A n d a l s o , t h e y e l l o w c a r d , i f y o u w i l l
f i l l t h a t i n a n d l e t m e have i t b e f o r e y o u l e a v e /
t h a t w i l l k e e p o u r c o m p u t e r m a i l i n g l i s t u p d a t e d
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and c u r r e n t .
I want t o i n t r o d u c e t o n i g h t C a r r e t t

B o n d y o n t h e f a r e n d ; h e i s t h e s e c t i o n c h i e f f o r
t h e e n f o r c e m e n t S u p e r f u n d s i t e s t h a t a r e i n
A r k a n s a s a n d L o u i s i a n a . A n d B r e n t T r u s k o w s k i ,
w h o i s t h e p r o j e c t m a n a g e r f o r t h e A r k w o o d s i t e .
SOr I am g o i n g to t u r n you over to t h e s e two
g e n t l e m e n t o e x p l a i n t o you w h a t we have up here
t o n i g h t .

M R . T R U S K O W S K I : z a m g o i n g t o d o t h e b u l k
o f t h e p r e s e n t a t i o n a n d t r y t o l e t e v e r y b o d y know
wha t i s g o i n g on. As I am g o i n g , a lo t o f t i m e s
I w i l l j u s t k i n d o f s k i p over a p o i n t o r
s o m e t h i n g l i k e t h a t , I d o n ' t d o i t i n t e n t i o n a l l y ,
i t i s more f r o m j u s t g o i n g t o o f a s t f o r m y b r a i n
t o k e e p u p w i t h m e . S o / i f t h e r e i s a n y t h i n g
d u r i n g t h e p r e s e n t a t i o n t h a t y o u d o n ' t
u n d e r s t a n d , or you want me t o e x p l a i n a l i t t l e
b i t f u r t h e r , p l e a s e a s k a n d j u s t g o ahead a n d
p i p e u p , a n d X w i l l t r y t o e x p l a i n a l i t t l e
b e t t e r , b e cau s e s o m e t i m e s I w i l l g e t g o i n g a n d
t e n d t o t a l k l i k e y o u a r e t a l k i n g t o p e o p l e y o u
work w i t h , w h i c h i s a r e a l l y d i f f i c u l t — s o l o t
me know.

S o , I a m g o i n g t o g o t h r o u g h t h e h i s t o r y
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o f the s i t e , f i r s t , and t h e n I am g o i n g to t e l l
you abou t the s a m p l i n g we d i d , and why we did
what s a m p l i n g we d id a t the s i t e , and t h e n I an
g o i n g t o t e l l y o u what r e s u l t s came f r o m t h e
s a m p l i n g , g o i n g t h r o u g h a l i t t l e b i t about w h a t
h e a l t h t h r e a t t h e r e may be , and th-sn wher e we go
f r o m h e r e , what t h e next f e w s t e p s are.

I a m g o i n g t o t a k e o f f m y j a c k e t i f t h a t
i s okay w i t h e v e r y b o d y , i t i s a l i t t l e warm in
here t o d a y .

T h e s i t e / a s w e know i t , came i n t o b e i n g
about 1 9 6 0 , when t h e r a i l r o a d w a s p u n c h i n g t h e i r
l i n e t h r o u g h , t h e y used t h e s i t e t o g e t m a t e r i a l
f o r e m b a n k m e n t s . T h e y j u s t went i n , t h e y r i p p e d
o u t t h i s f l a t area o u t o f t h e h i l l s i d e . I n 1 9 6 2 ,
a c o m p a n y c a l l e d A r k w o o d , I n c . s t a r t e d u p wood
t r e a t i n g w i t h a s i n g l e c y l i n d e r wood t r e a t m e n t
f a c i l i t y , a p r e s s u r e c y l i n d e r , a n d t h e i r m a j o r
c o n s t i t u e n t w a s p e n t a c h l o r o p h e n o l , P C P , c a r r i e d
w i t h d i e s e l f u e l . I n 1 9 7 3 , M a s s M e r c h a n d i s e r s ,
I n c . , b o u g h t o u t A r k w o o d , I n c . , a n d o p e r a t e d t h e
s i t e u n t i l 1984.

I n 1981, t h e f i r s t c o m p l a i n t came about
some p o t e n t i a l c o n t a m i n a t i o n t h e s i t e . W h e r e
t h a t came f r o m was in the r a i l r o a d t h e r e i s a
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s p r i n g t h a t g o e s o u t o f t h e r a i l r o a d t u n n e l / a n d
when t h e y were d r i v i n g t h e t r a i n t h r o u g h , a n d
t h e y were w o r k i n g t h e r e / t h e y c o m p l a i n e d o f a
real c h e m i c a l o d o r , w h i c h A D P C & E i n v e s t i g a t e d ,
a n c i t t u r n e d o u t t h a t i t w a s p e n t a c h l o r o p h e n o l
c o m i n g o u t f r o m o n e o f t h e s p r i n g s .

A t t h e same t i m e t o h e l p u n d e r s t a n d what
w a s g o i n g o n , M . M . I , h i r e d H c C l e l l a n C o n s u l t i n g
E n g i n e e r s t o t r y t o h e l p t h e m f i n d o u t w h a t w a s
g o i n g o n w i t h t h e g r o u n d w a t e r . I n 1 9 8 5 , t h e y
h i r e d G e r a g h t y a n d M i l l f c : , a n d i n 1985 a l s o t h e y
h i r e d M c K e s s o n E n v i r o n m e n t a l S e r v i c e s t o t r y t o
h e l p o u t a l i t t l e f u r t h e r t o u n d e r s t a n d w h a t w a s
g o i n g o n .

T h e y c l o s e d d o w n t h e s i t e i n 1 9 8 4 , a n d
t h e n a f t e r t h e s i t e w a s p r o p o s e d f o r t h e N a t i o n a l
P r i o r i t i e s L i s t / w h i c h i s w h a t t h e S u p e r f u n d
money i s u sed t o c l e a n u p / M . M . I a n d E . P . A .
e n t e r e d i n t o a n a d m i n i s t r a t i v e o r d e r o f c o n s e n t
u n d e r w h i c h M M I w o u l d p e r f o r m t h e r e m e d i a l
i n v e s t i g a t i o n f e a s i b i l i t y s t u d y w i t h E . P . A .
o v e r s i g h t . i n 1 9 8 7 , E R M - S o u t h w e s t t o - k over t h e
p r o j e c t f o r M M I *

I want to go i n t o real q u i c k l y what a
r e m e d i a l i n v e s t i g a t i o n / f e a s i b i l i t y s t u d y i s . I n
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t h e S u p e r f u n d p r o c e s s , E . P . A . w i n i d e n f c i f y a

s i t e a t f i r s t , and t h e n go in and do the
p r e l i m i n a r y t e s t i n g t o t r y t o g e t a s i t e o n t o t h e
N a t i o n a l P r i o r i t i e s L i s t . A f t e r i t i s p l a c e d , o r
i t i s p r o p o s e d , we go and do a d e t a i l e d
i n v e s t i g a t i o n o f t h e s i t e , w h i c h w i l l g i v e u s a
f e e l f o r w h e r e t h e c o n t a m i n a t i o n i s , h o w much

c o n t a m i n a t i o n t h e r e i s , w h e r e t h e c o n t a m i n a t i o n
i s g o i n g , a n d w h a t t h e h e a l t h t h r e a t s f r o m t h e
s i t e m a y b e , a f t e r w h i c h w e w i l l d o a f e a s i b i l i t y
s t u d y t o f i n d o u t what t h e b e s t a l t e r n a t i v e m a y
b e f o r a n y g i v e n s i te. A f t e r t h a t , w e s e l e c t a
r e m e d y a n d I ' H g e t i n t o t h a t p a r f c ^ ^ ^
s i t e f u t u r e p a r t o f i t .

F r o m t h e s a m p l i n g t h a t w e d i d , t h e
A r k w o o d s i t e used p e n t a c h l o r o p h e n o l c a r r i e d b y
d i e s e l o i l , w h i c h i s c a l l e d a p o l y n u c l e a r
a r o m a t i c h y d r o c a r b o n , c a l l e d P N A , i f i 8 t a t t
l a p s i n g i n t o t h a t , u s i n g t h a t t e r m i n o l o g y .

A n d b a s i c a l l y , t h e w a y t h e s i t e o p e r a t e d
i a t h e t r e a t i n g c y l i n d e r s were r i g h t i n h e r e , i n
t h e p l a n t l o c a t i o n , t h e p l a n t b u i l d i n g , a n d t h e n
a f t e r t h a t , t h e y r o l l e d i t o u t o n t o r a i l r o a d
t r a c k s t o l e t i t d r i p o u t , a n d t h e , t h e y t a k e i t
over h er e and go a h e a d and s t o r e i t in the
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s t o r a g e y a r d . Becau s e o f what we knew about how
t h e s i t e o p e r a t e d , w e d e c i d e d t h a t t h e p l a c e s
t h a t mos t l i k e l y c o n t a m i n a t i o n w o u l d b e abou t
r i g h t i n here t o abou t r i g h t i n h e r e , f r o m t h e
t r e a t m e n t area o u t t o t h e s t o r a g e y a r d . T h e r e i s
a l s o a n a s h p i l e t h a t w a s c r e a t e d b y , I d o n ' t
k n o w / a b u r n e r , a f u r n a c e t h a t t h e y h a d o n - s l t e ,
a n d t h e y d u m p e d a l l o f t h e a s h o u t h ere . A n d
t h e r e i s a l s o , o f c o u r s e , a s i n k h o l e wher e t h e y
d u m p e d w a s t e w a t e r f r o m t h e c l e a n i n g o u t p r o c e s s ,
t h e y j u s t t h r e w i t i n t h e r e . A n d t h e n t h e r e i s
a l s o w h a t w e c a l l t h e r a i l r o a d d i t c h a r e a , w h i c h
i s a n o t h e r p l a c e t h a t t h e y d i s p o s e d o f t h e wash
w a t e r f r o m t h e s i t e .

S o , w e what w e d i d f i r s t H . H . I , a n d E P A
s e t u p a g r i d s a m p l i n g ever t h e e n t i r e s i t e , a
l a r g e g r i d s a m p l i n g i n d e g r e e s o f a b o u t 5 0 f o o t
c e n t e r s / 5 0 f o o t f r o m s a m p l e t o s a m p l e , t r y i n g t o
g e t a f e e l f o r w h e r e e x a c t l y t h e c o n t a m i n a t i o n i e
o n t h e s i t e . T h e n once w e d e c i d e d w h e r e t h e r e
was a p p r o x i m a t e c o n t a m i n a t i o n , we went in and d id
a f i n e g r i d s a m p l i n g t o r e a l l y d e l i n e a t e i t a n d
t r y t o g e t a f e e l f o r e x a c t l y h o w much t h e r e was.

W e a l s o d i d a s e d i m e n t s a m p l i n g f o r ra in
r u n o f f , f o r r u n o f f t h r o u g h t h i s d i t c h here g o i n g
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8
i n t o t h e r a i l r o a d t u n n e l / a n d u p h e r e , where
C r i c k e t S p r i n g i s , o f f o f t h e r e . T h e n w e a l s o
l o o k e d i n t h e area f o r d r i n k i n g w a t e r w e l l s t h a t
m a y b e p o t e n t i a l l y c o n t a m i n a t e d , a n d s p r i n g e /
l i k e N e w C r i c k e t S p r i n g . T h a t m a y b e p o t e n t i a l l y
c o n c a m . i n a t e d , a n d s e l e c t e d w e l l s a n d s p r i n g s f o r
s a m p l i n g , a l s o .

A n d t h e n o n - s i t e , w e a l s o s u n k some
m o n i t o r i n g w e l l s t o t r y t o g e t a f e e l f o r w h e r e
t h e g r o u n d w a t e r w a s m o v i n g , a n d w h a t t h e g r o u n d
w a t e r d i d once i t g o t u n d e r n e a t h t h e A r k v o o d s i t e
t o t ry t o g e t o u t .

T h e r e s u l t s o f t h e s a m p l i n g t u r n e d o u t
p r e t t y m u c h l i k e w e e x p e c t e d , T h e h i g h e s t a r e a s
o f c o n t a m i n a t i o n o f t h e so i l b e i n g r i g h t h er e
w h e r e t h e y d i d t h e a c t u a l t r e a t m e n t , a n d t h e n
w h e r e t h e y w h e e l e d i t o u t t o d r i p , a n d t h e n o u t
in th e wood s t o r a g e y a r d w h e r e t h e y were pu t ou t
t o d r y - W e e n d e d u p w i t h some h o t s p o t s r i g h t i n
h e r e , r i g h t i n h e r e , w i t h some more m e d i a n a r e a s
e i g h t i n h er e a n d r i g h t i n h a r e . T h e r a i l r o a d
d i t c h area we a l s o f o u n d i s a p l a c e o f h i g h
c o n t a m i n a t i o n , a l s o p r e t t y much a s e x p e c t e d , ; n d
t h e n most o f t h e res t o f t h e s i t e i s c o n t a m i n a t e d
w i t h l o w l e v e l s . S o m e s a m p l i n g t u r n e d o u t n o
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have v e r y l o w l e v e l s , y o u k n o w , a l i t t l e b i t o f
s l ow w a s h i n g o f f t h e s i t e , b u t v e r y , very l i t t l e .
N e x t t o t h e r a i l r o a d d i t c h , w e have t h e h i g h e s t
l e v e l s o f c o n t a m i n a t i o n o f p e n t a c h l o r o p h e n o l a n d
( I n a u d i b l e ) .

, s i r*
E D S E L B A K E R : W h a t about t h o s e w e l l s y o u

d r i l l e d t h e r e , h o w d e e p d i d y o u g o ?
M R . T R U S K O W S K I i W e went a n y w h e r e f r o m , X

t h i n k a b o u t 2 0 f e e t d o w n t o abou t 8 0 f e « t . W e
went t h r o u g h a c o u p l e o f d i f f e r e n t u n i t s , t h e r *
i s a t o p g e o l o g i c u n i t , w h i c h i s j u s t t h e s o i l s .

E D S E L B A K E R : W h a t w a s y o u r d e e p e s t s i t e ,
w e l l s i t e ?

M R . T R U S K O W S K I i T h e d e e p e s t o n e w e have i s
a w e l l t h a t w a s a c t u a l l y a l r e a d y t h e r e ; i t i s
d o w n a l i t t l e over a h u n d r e d f e e t . A n d t h e n w e
p u t some d e e p e r ones i n t h e r a i l r o a d d i t c h area.

E U S E L B A R S R : W h a t d i d t h e y show?
M R . T R U S K O W S K I : T h e d e e p one s d i d n ' t show

a t i y c o n t a m i n a t i o n .
E D S E L B A R E R t T h e s h a l l o w ones showed t h e

moat c o n t a m i n a t i o n ?
M R . T R U S K O W S K I : R i g h t . T h e ones t h a t were

j u s t i r . t h e d i r t , i n t h e t o p l a y e r o f d i r t , d own
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10
t o t h e f i r s t real rock l a y e r .

E D S E t , B A K E R : Y o u m e n t i o n e d C r i c k e t S p r i n g s ,
y o u s a i d t h a t w a s c o n t a m i n a t e d . W h a t w a s t h e
e x t e n t o f t h a t ?

M R . T R U S K O W S K I ; S i r ?
E D S E L B A K E R : W h a t w a s t h e p e r c e n t a g e o f

C r i c k e t S p r i n g s t h a t w a s c o n t a m i n a t e d ?
H R . T R U S K O W S K I : T h e p e r c e n t a g e w o u l d b e

a b o u t —
M R . B O N D Y : T w o p a r t s p e r m i l l i o n .
H R . T R U S K O W S K I i W h a t i s t h a t , about . 0 2

p a r c a n t , i a t h a t h o w i t t r a n s l a t e s a c r o s s ?
E D S E L B A K E R ; T h a t a l l r u n down C r i c k e t

S p r i n g s ?
M R . T R U S K O W S K I : R i g h t , r i g h t , i t comes o u t -

i t comes o u t o f C r i c k e t S p r i n g s a l o n g t h e
c h a n n e l , a n d t h i s w a t e r d i s a p p e a r s a n d comes
b a c k , and d i s a p p e a r s and comes b a c k , and
e v e n t u a l l y runs i n t o C r i c k e t C r e e k .

E D S E L B A K E R * T h e r e i s a s i g n o n t h e o t h e r
s i d e o f t h e road t h e r e t h a t says w a t e r c o m i n g o u t
o f t h a t cave i s c o n t a m i n a t e d , what i s th e s t o r y
t h e r e ?

M R . T R O S K C W S K I i what t h e r e m e d i a l
i n v e s t i g a t i o n shows a s f a r a s t h e c o n t a m i n a t i o n

L
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11
o f t h a t c r e e k g o e s / w h e r e t h e s p r i n g i s , i s t h e
l e v e l i s j u s t above w h a t t h e E . P . A , c a l l s
d r i n k i n g w a t e r c r i t e r i a / w h i c h i s i f y o u a r e
g o i n g t o b e d r i n k i n g i t / s a y t h e p u b l i c s y s t e m /
a n d i t h a d j u s t over t h e d r i n k i n g w a t e r c r i t e r i a /
t h e n w e ' d s a y i t i s n o t s a f e t o d r i n k b e cau s e o f
t h i s / but i t i s not v ery much above i t at a l l .

E D S E L B A K E R : wha t i s t h e g o v e r n m e n t ' s
c o m b i n a t i o n / when t h e y h a d a b i g r u n - o f f l i k e
t h e y d i d t h e o t h e r d a y ?

M R . T R U S K Q W S K X : W e h a v e n ' t g o t t h o s e
r e s u l t s back . I w i s h we h a d * X am very c u r i o u s /
t o o . W e p u s h e d real h a r d t o have I t d o n e w h e n
y o u ' r e w a i t i n g f o r t h a t k i n d o f r a i n f a l l t o g e t
i t / t h e p r o b l e m i s i s t h a t when w e t a k e a s a m p l e ,
s end i t o f f t o t h e l a b , a n d t h e l a b t a k e s 3 0 d a y s
t o g e t t h e r e s u l t s , w e j u s t h a v e n ' t g o t t h e m y e t .
T h e y w i l l b e a v a i l a b l e i n t h e f i n a l r e m e d i a l
I n v e s t i g a t i o n .

H I L L 1 E T A T E : H a s t h e l e v e l went d o w n
c o n t i n u o u s l y s ince y o u f i r s t m o n i t o r e d ?

M B . T R U S K O W S K I ; Y e s a n d n o . I t went down
f o r a w h i l e / a n d t h e n i t came back u p s l i g h t l y .

We are not — one o f the p r o b l e m s on the s i t e
t h a t were shown u p i n t h e d r i l l i i . j o f t h e
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m o n i t o r i n g w e l l s i s — I d o n ' t know i f y o u a r e
very f a m i l i a r w i t h t h e g e o l o g y o f t h e a r e a / t h e
cave s a n d t h e K a r e t a q u i f e r s i s what w o have g o t /
a n d t h e b i g p r o b l e m w i t h t h a t i s t h a t y o u j u a t
d o n ' t know r e a l l y w h e r e t i l i n g s a r e g o i n g , W h a t
h a p p e n s i s i t goe s d o w n / t h o n i t w i l l d i l u t e o u t ,
or d i s s o l v e out a c a v e / a s o l u t i o n channe l
t h r o u g h t h ; r o c k / s o t h a t when y o u come t o d r i l l
w e l l s , w h i c h i s our u s u a l way o f g e t t i n g a good
f e e l f o r wha t i s g o i n g o n i n t h e g r o u n d w a t e r / i t
i s a h i t a n d m i s s t y p e t h i n g / b e c a u s e y o u have
g o t j u s t l i k e t h « c a v e s / t h e s p r i n g s c o m i n g o u t
o f t h e road c u t t e r / t h e C r i c k e t S p r i n g / w h e r e i t
comes o u t o f a cave abou t t h a t b i g , i s t h a t i f
y o u have g o t a cave t h i s b i g a n d y o u d r i l l r i g h t
h e r e / y o u have m i s s e d i t . i t i s l i k e t h r o w i n g
d a r t s a t a d a r t b o a r d . You pu t a map up and you
t h r o w d a r t s at i t , and t h a t i s as good a
p o s s i b i l i t y o f f i n d i n g o n e o f t h e s e c h a n n e l s a s
a n y t h i n g .

M R S . A D A M S ; W o u l d a d y e s t u d y show t h i s ?
M R . T R U S K O W S K I ; W e have t a l k e d about i t .

We are g o i n g to do one a s p a r t o f p h a s e two
m o n i t o r i n g . W e d i d a p h a s e o n e / a n d t h e n a p h a s e
t w o , t h e p r o b l e m i s t h e d r o u g h t , d r o u g h t
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c o n d i t i o n s t h a t r e a l l y , i t r e a l l y h a s k e p t u s
f r o m d o i n g some t h i n g s t h a t w e r e a l l y w a n t e d t o
d o . V t a c e s t i l l c o n s i d e r i n g d o i n g d y e t r a c i n g
t i t u d i e s a s p a r t o f t h e r e m e d i a l d e s i g n t o d e c i d e
w h e r e t h e w a t e r i s g o i n g . H e a r e g o i n g t o hava
t o aaa w h a t th e r e s u l t s o f our — t h a t l a t e s t
s a m p l i n g / t h e h i g h w a t e r s a m p l i n g t u r n s u p , t o
se-t if we r e a l l y want to do it or n o t , and w e i g h
i t a g a i n s t w h a t we w o u l d ge t ou t o f i t .

E D S E L B A K E R ; Y o u h a v e n ' t s u n k a t e s t s i t e
b e l o w t h e A r k w o o d s i t e , have you?

M R . T R U S K O W S K I : H O , y o u mean a m o n i t o r i n g
w e l l o u t s i d e t h e s i t e b o u n d a r i e s ? J u s t a l o n g t h e
road d o w n i n h e r e , d o w n t h i s area h e r e *

E D S E L B A R E R : t m e a n , o n d o w n t h e c r e e k .
M R . T R U S K O W S K I : Y o u mean d o w n over h er e?
E D S E L B A K E R : Y e a h .
H R . T R O S K O W S K l j H o , w e h a v e n ' t d one a n y

w e l l s down t h e r e .
E D S E L B A K E R : A r e y o u g o i n g t o ?
M R . T R U S K O W S K I ; N o .
E D S E L B A K E R : W h y ?
H R . T R U S K O W S K I : O k & y . W e have g o t t h e t o p

g r o u n d w a t e r z o n e , w h i c h i s c o n t a m i n a t e d , and i t
g o e s d o w n a n d i t h i t s t h e s a n d s t o n e u n i t , t h a t
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d o e s n ' t l e t t h « w a t e r t h r o u g h , a n d t h e n w e have
g o t t h e l o w e r u n i t s . I t h a p p e n s t h a t C r i c k e t
S p r i n g r e p r e s e n t s w h e r e t h e g r o u n d w a t e r cornea
o u t a t t h a t a r e a , t h a t i s t h e t o p o f t h e
S y l a m o r e , t h e s a n d s t o n e u n i t t h a t I a m t a l k i n g
a b o u t , a n d t h a n a f t e r t h a t / i t i s j u s t n o t t h e r e /
th e c o n t a m i n a t i o n comes ou t t h e r e .

E D S E L B A K E R * A m I r i g h t i n a s s u m i n g t h a t
M a s s M e r c h a n d i s e r s b o u g h t t h e p l a c e a cro s s t h e
road b e cau s e o f t h e l e v e l s o f c o n t a m i n a t i o n , i s
t h a t r i g h t ?

M R . T R U S K O W S K I : I ' m n o t sure what e x a c t l y
t h e r e a s o n w h y H . M . I , b o u g n t i t . I h e a r d t h a t
t h e y d i d , b u t X d o n ' t know t h e d e t a i l s o f i t .

E D S E L B A K E R : I w a s j u s t c u r i o u s h o w d e e p
t h a t w e l l wa s , and how come to ge t in t h e r e .

M R . T R U S K O W S K I ; I d o n ' t k n o w , I r e a l l y
c a n ' t say. I t h a s n ' t t u r n e d u p —

E D S E L B A K K R : T h a t mean s every w e l l i s
s u s p e c t , d o e s n ' t i t ?

M R . T R U S K O W S K I : S i r ?
E D S E L B A K E R i T h a t m e a n s ev ery w e l l i n t h e

area i s s u s p e c t , t h e n , d o e s n ' t i t ?
M R , T R U S K O W S K I : W e l l , y e s a n d n o . Y o u

k n o w , w e t e s t e d t h e w e l l s a f t e r w a r d , t h a t same
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w e l l a f t e r w a r d s / a n d n o t h i n g h a * t u r n e d u p t h e r e .
E D S E L B A K E R : H o w many w e l l s d i d y o u t e s t i n

t h i s ar ea?
M R . T R U S K O W S K I : I t h i n k w e t e s t e d s o m e w h e r e

a r o u n d t e n .
E D S E L B A K E R : V e r y f e w , i s n ' t i t ?
M R . T R U S K O W S K I ! I r e a l l y c a n ' t — i t

d e p e n d s on how the s i t e —
E D S E L B A K E R t I t i s d a m n f e w i f y o u l i v e

a r o u n d h e r e .
M R . T R U S K O W S K I : S i r ?
E D S E L B A K E R j I t i s damn f e w f o r t h e p e o p l e

t h a t l i v e a r o u n d h e r e .
M R . T R U S K O W S K I : R i g h t . A g a i . n , I have g o t

t o p o i n t o u t t h a t t h e r e h a s n ' t beer a n y t h i n g show
u p i n a n y o f t h e w e l l s s a m p l e d .

K E N A D A M S : I l i v e b e l o w ( I n a u d i b l e . ) , a n d
t h e f i r s t t h r e e d a y s r a i n w e h a d w a n n e d d o w n here
a t th e w a t e r .

M R . T R O S K O W S K I : T h e l a s t one?
K E N A D A M S : T h e f i r s t one.
K R . T R U S K O W S K I : O h , o k a y . T h e o n e a bou t

two y e a r s ago .
K E N A D A M S ; N o . T h e r e have been t w o b i g

heavy r a i n s s ince t h e n . A n d t h e f i r s t rain t h a t
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we h a d , we went o u t / and I c o u l d s m e l l d i e s e l ,
s m e l l e d l i k e d i e s e l f u e l g o i n g u p t h r o u g h i t .

M R . T R ' J S K O W S K I : Y e s , w e n o t i c e d t h a t t o d a y .
K E N A D A M S : O k a y . M y w e l l i s b e h i n d t h e

h o u s e / a n d y o u a r e s a y i n g t h a t C r i c k e t S p r i n g i s
above t h a t / t h a t i s g o i n g d o w n t h e c r e e k / t h a t
goe s i n t o ray w e l l , and how do you e x p l a i n th e
s a n d s t o n e l e v e l t h e r e ? Y o u a r e g o i n g t o have
about t h r e e o r f o u r d i f f e r e n t s t a g e s / a n d y o u
c a n ' t a l w a y s s a y t h e r e i s g o i n g t o b e a s a n d s t o n e
l e v e l in b e t w e e n , b e cau s e you ar e g o i n g t o have
c r a s s , p l u s y o u have g o t t h e r a i l r o a d u p t h e r e
w i t h t h e d i r t , t h e r a i l r o a d t i e s t h a t t h e y have
t o w e d o f f a n d c o n t a m i n a t e d w i t h t h e same s t u f f ,
a n d i t l a y s a r o u n d , p l u s t h e n y o u have g o t t h e
r u n o f f t h a t r u n s d o w n i n t o t h e C r i c k e t / w h i c h
r u n s i n t o T a b l e Rock L a k e , n o w h o w a r e y c u g o i n g
t o e x p l a i n t h e c o n t a m i n a t i o n t h e r e ?

M R . T R U S K O W S K I - . W e l l , t h e
p e n t a c h l o r o p h e n o l , i n t h i s e n v i r o n m e n t / what
h a p p e n s i s th e s u n l i g h t , th e UV b r e a k s i t down in
th e w a t e r i t s e l f , s o a s a r e s u l t , d o w n s t r e a m a
h u n d r e d y a r d s , t h e p e n t a i s g o n e . I t j u s t i s n ' t
t h e r e any m o r e , t h a t i s wha t i s h a p p e n i n g in th e
c r e e k c h a n n e l i t s e l f . S o r a t t h e t i m e i t i s
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17
a c t u a l l y d o w n t o C r i c k e t C r e e k , i t i s j u s t n o t
t h e r e any more. And s o / by th e t i m e i t g e t s t o
T a b l e R o c k , T a b l e R o c k L a k e , i t i s g o n e / t h e r e i s
n o t h i n g .

W I L L I E T A T E : I n t h e f i r s t t e s t i n g ,
( I n a u d i b l e . ) , a n d t h e c o n t a m i n a t i o n c o m i n g o t ' f o f
( I n a u d i b l e . ) t h e — c a n ' t y o u f i n d a n y t h i n g
( I n a u d i b l e . )

M R . T R U S K O W S K I ; T h i s l a t e s t s a m p l i n g / y o u
mean? I h a v e n ' t g o t t h e r e s u l t s b a c k , I d o n ' t
k n o w . T h a t o n e ' s been t u r n i n g u p c l e a n i n t h e
e n t i r e i n v e s t i g a t i o n , a l s o .

W I L L I E T A T E : I d o n ' t know i f t h e r e i s — -
M R . T R U S K O W S K I : Y e s . W e were n o t i c i n g t h a t

t o d a y , w e w a l k e d d o w n t h a t w a y a n d s m e l l e d t h a t
same s m e l l o f d i e s e l i n t h e r e , a n d I d o n ' t know
w h e r e i t i s c o m i n g f r o m . Y o u k n o w , when y o u
s m e l l i t a t t h e s p r i n g , i t s e l f , a n d t h a t i s
p r o b a b l y / y o u k n o w , what i s s t u c k t o t h e r o c k s ,
f r o m many y e a r s o f c o m i n g t h r o u g h . B u t t h e l e v e l
o f p e n f c a , y o u k n o w , t h e t h i n g t h a t y o u r e a l l y
have to w o r r y about in the w e l l s , i t i s
a p p r o a c h i n g a l e v e l t h a t w e d o n ' t r e a l l y need t o
w o r r y a b o u t «

E D S E L B A K E R s W h a t about t h e e r o s i o n ? W h e n

P E T R E ' S S T E N O ( 5 0 1 ) 376-1411

thunter
008959



2
3
4
5
6
7

.8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

you have go t th e e r o s i o n , a l l t h a t so i l t h a t i s
c o n t a m i n a t e d a t t h e A r ' - w o o d s i t e , i t i s s t i l l
g o i n g *:o ge t i n t o the w a t e r s y s t e m and i t i s
g o i n g t o b e t h e r e .

K E N A D A M S : T h e w a t e r t a b l e , i f y o u d o n ' t
know w h e r e i t i s g o i n g , a l l o f our w a t e r c o u l d b e
c o n t a m i n a t e d , t o o , y o u d o n ' t know w h i c h w a y t h e
w a t e r i s g o i n g , what t h e w a t e r t a b l e i s , o r
a n y t h i n g l i k e t h a t .

M R S . A D A M S : O u r c o n c e r n h a s been i n t h e
s i n k h o l e ar ea . W e were t o l d t h a t t h e y a c t u a l ! " *
d u m p e d t h e s l u d g e , n o t j u s t t h e w a s h w a t e r , a n d f

o f c o u r s e , i t b e i n g a n u n d e r g r o u n d s y s t e m i n t h e
ro ck a r e a s d o w n t h e r e , t h a t h a s been o u r c o n c e r n
a n d w e h a v e n ' t h e a r d a n y w o r d o n t h a t t e s t i n g -

M R . T R U S K O W S K I : I t i s s o m e t h i n g t h a t w e a r e
real c o n c e r n e d a b o u t , a l s o , g o i n g i n t o t h e
i n v e s t i g a t i o n , t h e r e p o r t s o f t h e s i n k h o l e . A s a
p a r t o f t h e — in t h e p h a s e t w o , we a c t u a l l y t o o k
t h e c o n c r e t e c a p o f f t h e s a m p l i n g m a t e r i a l t h a t
w a s a t t h e s i t e , a n d s o , s o m e t h i n g t h a t r e a l l y
s h o c k e d e v e r y b o d y i n v o l v e d i s t h a t i t t u r n e d u p
f a i r l y c l e a n . S o , t h e r e w a s n ' t a n y t h i n g i n
t h e r e . T h e r e i s n o t h i n g i n t h e r e . T h e s e d i m e n t
s a m p l i n g t h a t w e d i d o n t h e r u n o f f l o c a t i o n s
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a l s o , w e d i d n ' t a n d a n y t h i n g i n t h e s e d i m e n t s ,
e i t h e r , i n t h e s p r i n g c h a n n e l , o r erom C r i c k e t
C r e e k , o r even g o i n g t h r o u g h t h e r a i l r o a d , i n t h .
r a i l r o a d d i t c h , g o i n g ba ck h er e t h i s vay , t h i s
b e i n g o n e o f t h e most l o g i c a l p l a c e s f o r i t t o
" J o , y o u ' v e g o t a real h i g h l e v e l o f c o n t a m i n a t i o n
r i g h t h ere . Y o u ' d t h i n k t h e r u n o f f w o u l d g o
t h r o u g h h e r e , b u t i t d i d n ' t show u p t h e r e ,
e i t h e r .

M R S . A D A M S ; ( I n a u d i b l e . )
• W . T R U S K O W S K I : R i g h t . T h a t m e a n s w e

d i d n ' t d e t e c t i t . Y O U k n o w , a n y t i m e y o u d o a
lab s a m p l i n g , y o u have a U m l f c f c o w h i c h ^
m a c h i n e w i l l go , a n d , y o u .now, i t may be p r e s e n t
a n d i t m a y n o t b e b e l o w t h a t , b u t i t w a s n ' t
P r e s e n t i n t h e l e v e l t h a t t h e m a c h i n e c a n r e a d .

M R . B O N D Y : w h a t a b o u t t h e r e s u l t s o f t h e
s a m p l i n g ( I n a u d i b l e . , T h e p o i n t i s w e ' r e n o t
f i n d i n g t h i s s t u f f o f f s i t e .

M R . T R U S K O W S K I : T h e o n l y p l a c e i t i s
- h a w i n g up off l l t. i s in C r i c k e t ^^ ^^
l i k e I s a i d , i s r a p i d l y a p p r o a c h i n g very near
d r i n k i n g w a t e r s t a n d a r d s , w h i c h i s r e a l l y a very
good s i g n f o r u s , b e cau s e when w e f i r s t s t a r t e d
i n v e s t i g a t i n g t h e s i t e , t h e l e v e l s were e l e v a t e d
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t o a p o i n t t h a t we p r o b a b l y w o u l d have some
p r e t t y b i g c o n c e r n s a b o u t , a n d i f v e a t i i l h a d
t h a t l e v e l now, w e ' d p r o b a b l y want t o s e t u p some
k i n d o f t r e a t m e n t s y s t e m , w h i c h w e m a y s t i l l . W e
h a v e n ' t r u l e d t h a t ou t . B u t t h e l e v e l s have come
d o w n t o a p o i n t w h e r e t h e y a r e v e ry near d r i n k i n g
w a t e r s t a n d a r d s , w h i c h means t h a t s o m e t h i n g i s
g o i n g o n . M a y b e t h a t i s b e c a u s e t h e s i t ? d o e s
n o t o p e r a t e a n y m o r e , t h e y ' r e n o t p u t t i n g a n y
more p e n t a i n t h e g r o u n d , o r m a y b e t h e s t u f f i s
j u s t d r a i n i n g n a t u r a l l y , b u t i t i a n o t s h o w i n g u p
in th e c o n c e n t r a t i o n s t h a t i t once was.

J U D Y B O Y D : T h a t i s h o w i t i s n o t s h o w i n g u p
in the --

M R . T R O S K O W S K I : I ' m s o r r y ?
M R S . A D A M S : T h a t i s h o w i t i s n o t s h o w i n g

u p i n t h e — ( I n a u d i b l e . )
M R . T R O S K O W S K I ! I t h i n k w e have g o t abou t

ten* I d o n ' t r e m e m b e r t h e e xa c t n u m b e r .
J U D Y B O Y D : D o y o u have a n y i d e a l i k e w h a t

p e r c e n t a g e o f t h e t o t a l w e l l s i n t h e a r e a t h a t
w o u l d r e p r e s e n t ?

M R . T R U S K O t f S K I : H o * b i g a n ar ea?
J U D Y B O i D s W e l l , y o u k n o w , i f w e e n c o m p a s s ,

g a y , t h e — l i k e f o u r — w e l l , l e t ' s l i m i t i t t o
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even two s q u a r e m i l e s , to Omaha town and two
square m i l e s a r o u n d i t .

R A Y P O R D D U G G A N ; T h e c i t y w e l l r e p r e s e n t s
a l l t h e t o w n , a n d t h e r e i s n o t h i n g ever been
r e a l l y f o u n d i n t h e c i t y w e l l , i t w a s t e s t e d —
( I n a u d i b l e . )

M R . T R U S K O W S K I : R i g h t . A n d a s f a r a s t h e
p r i v a t e w e l l s g o i n I w o u l d s a y t w o s quar e m i l e s ,
t w o m i l e b y t w o m i l e s q u a r e r e g i o n , I t h i n k t h e r e
i s s o m e t h i n g l i k e 4 0 w e l l s i n t h e a r e a . A g a i n , I
a m d o i n g t h i s a l l f r o m m e m o r y , l o o k i n g a t t h e
m a p s t h a t w e have g e n e r a t e d a s p a r t o f t h e
s u r v e y , w e l l s u r v e y . W e r a n i n t o a p r o b l e m t h e r e
w i t h a l o t o f t h e w e l l s t h a t have been d r i l l e d
a n d been p u t i n b e i n g u s e d a s j u s t s p r i n g w e l l s ,
t h i n g s l i k e t h a t . T h e w a y w e f o u n d w h a t w e l l s w e
f o u n d w a s g o i n g t h r o u g h t h e c o u n t y , t o t h e c i t y ,
and a lot of the w e l l s may or may not be
r e g i s t e r e d w i t h t h e c o u n t y o r t h e c i t y . S o ,
t h a t ' s t h e ones t h a t w e have. S o , I w o u l d s a y
40 , maybe 50 , w h i c h w o u l d g i v e u s 25 , 20 , 25
p e r c e n t o f t h e w e l l s . T a k e t h a t w i t h e g r a i n o f
s a l t b e c a u s e X a m j u s t r u n n i n g t h a t f r o m m e m o r y .

K A T H Y D O G G A N t H o w l o n g a g o were t h o s e w e l l s
t e s c e d ?
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M R . T R U S K O W S K I : I t h i n k t h e l a s t s a m p l i n g

ev en t w e d i d w a s t h e w e l l s a f e w m o n t h s a g o * T w o
m o n t h s a g o , d o e s t h a t s ound r i g h t ?

K A T H Y D U G G A N : M o , i t w a s abou t t h r e e w e e k s
a g o , a s a m a t t e r o f f a c t .

M R . T R U S K O W S K I ! D u r i n g t h e h i g h f l o w
s a m p l i n g ?

M R . T R U S K O W S K I : T h e ones t h r e e weeks a g o ,
w e a r e s t i l l w a i t i n g o n t h e r e s u l t s . T h e ones
t h r e e m o n t h s a g o e c h o e d t h e s ame r e s u l t s t h a t w e
f o u n d a l l a l o n g / w h i c h w a s t h a t n o t h i n g w a s
s h o w i n g u p ,

K A T H Y D U G G A K : I w o u l d l i k e t o s e e a e o p y o f
m y r e s u l t s , w e h a v e been h a v i n g — ( I n a u d i b l e . ) — [
t r o u b l e g e t t i n g t h e r e s u l t s b a c k t o u s . T h e l a s t
ones t h a t w e g o t were i n J u n e o f ' 8 9 .

M R . T R U S K O W S K I : T h o s e a r e t h e ones t h a t I
had and had P a t t y s end to you.

W I L L I E T A T E j D i d y o u ever f i n d a n y
p e n t a c h l o r o p h e n o l i n a n y w e l l s ?

M R . T R U S K O W S K I : D u r i n g t h e o r i g i n a l
i n v e s t i g a t i o n s / when w e s t a r t e d t h e
i n v e s t i g a t i o n s , t h e r e w a s a w e l l , o n e w e l l t h a t
t u r n e d u p s o m e t h i n g . B u t s in c e t h e n , t h e r e ' s
been n o t h i n g . L e t ' s see. I t h i n k I have b ea t
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t h e m o n i t o r w e l l s t o d e a t h , t h e ones w e ' v e d o n e
o n t h e s i t e , b u t t h e t h i n g abou t t h e m o n i t o r
w e l l s t h a t w e d i d d r i l l o n t h e s i t e i n t h i s area
a n d d o w n i n t h i s a r e a , i s t h a t t h e y d i d show
c o n t a m i n a t i o n , a n d i n l e v e l s t h a t were h i g h e r
even t h a n w h a t we were g e t t i n g a t C r i c k e t
S p r i n g s . S o / what c h a t i s t e l l i n g i s t h a t t h e s e
w e l l s h e r e , t h e c o n t a m i n a t i o n i s t h e r e , a n d t h e n
i t i s g o i n g down and th e o t h e c g r o u n d w a t e r i s
c o m i n g i n a n d d i l u t i n g d o w n t o t h e l e v e l t h a t w e
s e e n e a r C r i c k e t S p r i n g s . B u t t h e r e i s a p r o b l e m
w i t h t h e K a r & t g e o ' a g y i n t h e a r e a , t o o , w h i c h i s
r e a l l y t h r o w i n g a w r e n c h i n t o t h e i n v e s t i g a t i o n .

D u r i n g t h e r e m e d i a l i n v e s t i g a t i o n , w e
a l s o d i d w h a t w a s c a l l e d a n e n d a n g e r m e n t
a s s e s s m e n t , f c .v : t i s d e s i g n e d f o r i s t o g i v e
u s a f e e l f o r wha t t h e h e a l t h t h r e a t s f r o m t h e
s i t e w o u l d .:••*. A n d t h e m a j o r i t y o f t h e h e a l t h
t h r e a t f r o m t h e s i t e , f r o m t h i s area r i g h t
h e r e , t h e mos t h i g h l y c o n t a m i n a t e d area r i g h t
h e r e , f r o m t h e r a i l r o a d d i t c h a r e a , w h a r e w e
t u r n e d u p f a i r l y h i g h l e v e l s o f - - a c t u a l l y , very
h i g h l e v e l s o f p e p t a c h l o c o p h e n o l , I b e l i e v e h i g h
l e v e l s o f P N A s , a n d some l o w l e v e l s o f d i o x i n
f u r a n s . A n d t h i s area r e p r e s e n t s t h e h i g h e s t
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t h r e a t on th e s i t e .

A n o t h e r area t h a t t u r n e d up t o b e —
( I n a u d i b l e ) — a h e a l t h t h r e a t i s t h i s area r i g h t
h e r e , t h e t r e a t m e n t a r e a , t h e d r i p o u t a r e a , b u t
a g a i n t h a t i s b e c a u s e t h a t i s t h e h i g h e s t l e v e l
o f c o n t a m i n a t i o n , s o . o f c o u r s e w e i n c l u d e d i t .
T h e re s t o f t h e s i t e r e a l l y d o e s n ' t p o s e much o f
a t h r e a t a t a l l .

M R . B O N D Y j E x c e p t f o r * e h o t s p o t s .
M R . T R U S K O W S K I ; Y e a h . T h e h o t s p o t s I n

here e n d t h e n t h e r e ' s a s p o t i n h e r e t h a t w i l l
p o s e a h e a l t h t h r e a t . F o r t h e m a j o r i t y o f t h e
s i t e a h e a l t h t h r e a t r e a l l y i s n ' t t h a t h i g h ,
e s p e c i a l l y a s w h e n y o u c o m p a r e i t w i t h o t h e r
S u p e r f u n d a r e a s i n A r k a n s a s .

C r i c k e t S p r i n g s , a s I s a i d b e f o r e , t h e
m a j o r h e a l t h t h r e a t t h e r e i s t h e d r i n k i n g w a t e r
c r i t e r i a . I f y o u were t o d r i n k t h e w a t e r , y o u
w o u l d b e d r i n k i n g w a t e r t h a t w a s c o n t a m i n a t e d
s l i g h t l y above wha t E . P . A . c o n s i d e r s t o b e a n
a c c e p t a b l e l e v e l o f p e n t a c h i o r o p h e n o l .

K A T H Y D U G G A N . ' H o w a c c e p t a b l e o o w e a l l
r e a l l y know about t h e l e v e l s o f t h e s t u f f ?

M R . T R O S K O W S K I s I ' m n o t sure .
K A T H Y D U G G A N ; I m e a n , what i s t h e i r
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a c c e p t a b l e l e v e l and how do w* know?

J O H N P A R T O N : W h a t p e r c e n t a g e w o u l d i t t a k e
to make you a i a r m e d , t o r e a l l y g^_ ̂  ̂  ^

M R . T K , , 3 K O W S K I : I n t h e w a t e r ?
J O H N P A R T O N : Y e s .

M R . T R U S K O W S K I : T h e l e v e l t h a t
i t a t , j u s t over t h e d r i n k i n g w a t e r
*>« set off b e l l s i n „„ h e a d < B n t w h e t e ^
i s c o r n i n g f r o m , t h a t w e r e c k o n i t i s c o m i n g f r o m ,
i s g e t t i n g t h . w a t e r p e r c o l a t i n g t h r o a g h t h e
a r e a s o f h i g h c o n t a m i n a t i o n , t h e r a i l r o a d d i t c h ,
f r o m t h e s e h o t s p o t s h e r e , a n d g o i n g d o t f n l n f c o

t h e s i t e i n t o t h e d r i n k i n g w a t e r - n o t t h e
d r i n k i n g w . t e r , x-. s o t r y , t o t h . c r e e k / ^ ^
s p r i n g . wha t we are r e c k o n i n g on i s w e a r e s t i u

c o n s i d e r i n g p u t t i n g l n a d r i n k i n g s y s t e m
W C 1 1 h e a d ' W h" e " e s p r i n g comes ou t o f
g r o u n d . And we are a i s o r e c k o n i n g o
remove t h e g r o s s s o u r c e o f t h . c o n t a m i n a t i o n ,
b e c a u s e t h e c o n t a m i n a t i o n i.n, t t n e t e a n y f f l o r e

f o r i t t o l e a c h t h r o u g h when i t i s r a i n e d
t h r o u g h , t h a t l e v e l w o u l d even back o f f some
-re. S o , a s i g n i f i c a n t d e c r e a s e in th e l e v e l s
when t h e s i t e s t o p p e d o p e r a t i n g , a n d n o w w e t h i n k
we win see a n o t h e r one when the s i t e i s c i e a n e d
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J O H N P A R T O H : T h e l a s t t i i a e y o u were u p
h e r e , you s a i d t h a t w h a t once you go t on th e
s i t e , i t w o u l d t a k e abou t a y e a r a n d t h e n y o u
w o u l d r e a l l y g e t d o w n t o b u s i n e s s . A n d y o u have
had a y e a r t o r e a l l y e x a m i n e t h i n g s , and we are
k i n d o f w a i t i n g f o r s o m e b o d y t o g e t d o w n t o some
b u s i n e s s .

M R . T R U S K O W S K I : Y o u m e a n , l i k e c l e a n i n g u p
t h e s i t e ?

R N P A R T O N s Y e s , d o i n g s o m e t h i n g , y eah .
M R . T R U S K O W S K I : S o w o u l d w e . W e w o u l d

r e a l l y l o v e t o g e t i t d o n e i n t h e n e x t y e a r , i f
we c o u l d .

J U D Y B O Y D : W h e n y o u s a y t h a t y o u a r e s t i l l
c o n s i d e r i n g s e t t i n g u p a t r e a t m e n t f a c i l i t y f o r
th e w e l l «

M R . T R U S K O W S K I : F o r t h e s p r i n g .
J U D Y B O Y D : F o r t h e s p r i n g , o k a y . W h a t

c r i t e r i a w o u l d y o u u s e t o d e t e r m i n e w h e t h e r o r
n o t y o u w i l l p u t i n a t r e a t m e n t f a c i l i t y ?

M R . T R U S K O W S K I ; T h a t i s a v e ry good
q u e s t i o n . W e h a v e n ' t d e c i d . d t h a : . y e t . W « a r e
s t i l l — w e j u s t g o t t h e d r a f t o f t h e r e m e d i a l
i n v e s t i g a t i o n f e a s i b i l t y s t u d i e s i n .
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MR. BONDY; W h a t w e l o o k a t i s t o s e e h ow

much d a n g e r i t r e p r e s e n t s t o t h e p u b l i c h e a l t h .
J O D Y B O Y D : W e l l , i t w i l l b e d e t e r m i n e d b y

t h e l e v e l o f t o x i n s p r e s e n t i n t h e w a t e r ?
M R . B O N D Y : A n d t h e l i k e l y e x p o s u r e o f

p e o p l e . I t i s n o t b a s e d o n n u m e r i c a l c r i t e r i a ,
o n t h e d r i n k i n g w a t e r s t a n d a r d s / o n e p a r t p e r
m i l l i o n , f o r e x a m p l e , j u s t b e c a u s e i t i s --.;. . /v e
o n e p a r t p e r m i l l i o n , w e w i l l n o t n e c e s s a r i l y p u t
in a t r e a t m e n t p l a n t , b e c a u s e it is not used as a
d r i n k i n g w a t e r s o u r c e ,

J O D Y B O Y D : W i l l i n p u t f r o m t h e c o m m u n i t y
a f f e c t t h a t p r o v i s i o n a t a l l , a s f a r a s t h e m
p u t t i n g i n a t r e a t m e n t p l a n t ?

M F . . B O N D Y : Y e s .

M R . T R U S K O W S K I : I t v e ry l i k e l y c o u l d .
K A T H Y D O G G A N : W h e n y o u t a l k a b o u t h e a l t h

h a z a r d s , what a r e y o u t a l k i n g a b o u t , t h e a m o u n t s ?
M R . T R O S K O W S K X ; P e n t a ? I d o n ' t b e l i e v e s o -
M R . b O N D Y : I d o n ' t know. W e a r e n o t r e a l l y

q u a l i f i e d t o a n s w e r t h e h e a l t h e f f e c t s i n g r e a t
d e t a i l ; y o u need a t o x i c o l o g i s t t y p e p e r s o n . W e
c a n g e t ba ck t o y o u o n t h e h e a l t h e f f e c t s
q u e s t i o n .

K A T H Y D U G G A N : T h a t i s w h a t I want t o k n o w ,
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when t h e y say how much i s a c c e p t a b l e p a r t s p er
m i l l i o n , h o w d o t h e y know t h a t ? T h e y d o n ' t know
t h a t .

M R . B O N D Y : R i g h t . W e c a n ' t , w e a r e n o t —
t h e b a s i s f o r t h a t n u m b e r I c o u l d n f t t e l l you.

K A T H Y D U G G A N : W h o d e c i d e d t h a t ?
M R . T R U S K O W S X I : Y e s , y o u need o u r s t a f f

c h e m i s t . T h e m a j o r t h r e a t f r o m t h e s i t e a c t u a l l y
i s n ' t f r o m t h e p e n t a c h l o r o p h e n o i , i t i s f r o m t h e
d i e s e l t h a t t h e y u s ed t o c a r r y t h e P N A s , t h a t
t h e y used t o d i s s o l v e t h e p e n t a c h l o r o p h e n o i in
th e d i e s e l and t h e n t o p r e s s u r e t r e a t th e wood
w i t h . A n d p a r t o f t h e f o r m u l a t i o n i n t h e d i e s e l
i s some c a r c i n o g e n i c , c a n c e r c a u s i n g a g e n t s , a n d
p e n t a i s n ' t r e a l l y what i s d r i v i n g t h e h e a l t h
t h r e a t s s o much a s t h e PNAs.

M R . B O N D Y : L e t m e c l a r i f y o n e t h i n g , w e
have been t a l k i n g abou t t h e p e n t a c h l o r o p h e n o i
b e c a u s e t h a t i s t h e mos t common t h i n g o u t t h e r e ,
so we use t h a t as an i n d i c a t o r tc cha s e
e v e r y t h i n g e l s e . So when we see
p e n t a c h l o r o p h e n o i , w e t h i n k t h e r e m i g h t b e o t h e r
t h i n g s t h a t w o u l d b e t h e r e w i t h i t . T h a t i s w h y
we k e e p t a l k i n g about t h e p e n t a , b e c a u s e t h a t i s
t h e most common t h i n g t h a t ' s t h e eas ie s t t h i n g
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f or u s t o see. E v e r y t h i n g ou t t h e r e —
e v e r y t h i n g e l s e out t h e r e i s cu t t h e r e to a much
l e s s e r e x t e n t .

M R S . A D A M S ; Y o u s a i d s o m e t h i n g abou t
d i o x i n s a n d s u l f a c a n t s ?

M R . T R U S K O W S K I : D i o x i n s a n d f u r a n s ?
M R S . A D A M S : W h a t i s t h a t ? I s n ' t d i o x i n o n e

o f t h e most d a n g e r o u s t h i n g s w e m a k e ?
M R . T R U S K O W S K I : Y e s . D e p e n d i n g o n t h e

exac t f o r m u l a t i o n o f t h e d i o x i n .
M R . B O N D Y : T h e r e a r e m a n y , many d i f f e r e n t

k i n d s o f d i o x i n . T h e o n e t h a t y c u r e f e r r e d t o —
M R S . A D A M S : I s n o t t h i s one?
M R . B O N D Y : I t i s n o t t h i s one.
M R S . A D A M S : I s i t r e l a t e d t o t h i s one?
M R . B O N D Y : I t i s r e l a t e d . T h e r e i s a b i g

f a m i l y o f c h e m i c a l s , t h e y a r e a l l v ery s i m i l a r ,
and i t d e p e n d s on how many c h l o r i n e a t o m s are
a t t a c h e d o n t h e m o l e c u l e , a n d w h e r e t h e y a r e
l o c a t e d o n t h e m o l e c u l e , a n d a l l o f t h a t i s v e r y ,
very s i g n i f i c a n t f o r t h e h e a l t h e f f e c t s . W h a t w e
do t h e n i s we do the a n a l y s i s to show you w h a t
k i n d o f c t o x i n s y o u have o u t t h e r e , a n d t h e n
t h e r e a r e m u l t j M e r e , f a c t o r s t h a t y o u a p p l y t o
t h e c o n c e n t r a t i o n s , a n d y o u a d d t h e m a l l u p a n d
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t h a t g i v e s y o u a n e q u i v a l e n t o f t h e wors t k i n d .
Y o u r e f e r e n c e e v e r y t h i n g b a c k t o t h e wors t k i n d .
S o , i f y o u h a d s o many p a r t s p e r b i l l i o n o l t h e
w o r s t k i n d e q u i v a l e n t a t t h e s i t e , y o u m u l t i p l y
t h a t t o g e t a c o m p a r i s o n i f y o u h a d t h a t k i n d h o w
bad i t w o u l d be*

M R S . A D A M S * W h a t d o e s a l l t h a t mean about
how bad it i s?

M R . B O N D Y : B r e n t , t h e l e v e l s were?
M R . T R U S K O W S K I : T h e l e v e l s w er e a b o u t ,

w h a t , one in 1 0 , 0 0 0 ?
M R . B O N D Y : N o , w e a r e t a l k i n g abou t d i o x i n .
M R . T R U S K O W S K I : O h , about 1 4 p a r t s p e r

m i l l i o n .
M R * B O N D Y j F o u r t e e n p a r t p e r m i l l i o n i s t h e

h i g h e s t we saw.
M R S . A D A M S : W h a t d o e s t h a t mean?
M R . B O N D Y ! W h a t t h a t m e a n s i s t h e

a c c e p t a b l e s t a n d a r d s f o r i f y o u wer e i n y o u r back
y a r d , y o u r c h i l d r e n were p l a y i n g e v e r y d a y o u t i n
t h e back y a r d , y o u w o u l d have one.

J D D Y B O Y D s I s t h a t t h e same f o r d r i n k i n g
s t a n d a r d s ?

M R . B O N D Y s D r i n k i n g w a t e r s t a n d a r d , n o f I
d o n ' t know what t h e d r i n k i n g w a t e r s t a n d a r d i s .
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J D D Y B O Y D : I s i t l e s s ?
M R . B O W D Y : I t w o u l d h e m u c h , much l o w e r .

W e w e r e ' t even f i n d i n g i t i n t h e w a t e r , i t i s
v e ry i n s o l u b l e , s o you t e n d not to s e e i t in the
w a t e r ; i t a t t a c h e s t o t h e sand p a r t i c l e s . B u t i n
t e r m s o f t h e d i o x i n a c t i o n l e v e l s , o n e p a r t p e r
b i l l i o n i s t h e a c c e p t e d l e v e l s w h e r e i f c h i l d r e n
were p l a y i n g w i t h i t i n t h e back y a r d o n y o u r
l a w n . T h e s t a n d a r d , t h e r e i s a l e s s a c c e p t e d
l e v e l f o r what i s okay f o r i n d u s t r i a l U 8 e a s f a r
as , s a y , i f y o u w e r e to go to work and you were
w o r k i n g i n t h i s y a r d t h a t h a d d i o x i n i n t h e
s o i l s , t h e t y p i c a l g u i d e t h a t y o u h e a r i s a r o u n d
20.

K A T H Y D U G G A N j T h a t w a s 1 4 .
M R . B O N D Y : T h a t w a s 1 4 , a n d t h a t w a s t h e

a b s o l u t e h i g h e s t t h a t w e saw. T y p i c a l l y , w e

w o u l d o n l y s e e ones o r t w o s , n o t h i n g u s u a l l y , b u t
we had some ones and t w o s .

E D S E L B A K E R : i f w e d o n ' t know w h e r e t h e
s u r f a c e w a t e r i s g o i n g , w h e r e i s t h e g r o u n d w a t e r
g o i n g ?

M R . T R U S K O W S K I : I t i s p r e t t y much f l o w i n g
t o t h e we s t . i t i s f l o w i n g f r o m here o f f t h i s
w a y w h i c h p u t s i t r i g h t a b o u t here .
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B D S E L B A K E R : w h e r e i s i t g o i n g d o w n C r i c k e f c

C r e e k .
M R . T R U S K O W S K I : Y e s a n d n o , when i t comes

o u t , i t comes out on the s u r f a c e , i t comes out in
C r i c k e t S p r i n g . when i t i s u n d e r g r o u n d , i t i s
m o v i n g a p p r o x i m a t e l y t h i s w a y , a p p r o x i m a t e l y t o
t h e w e s t . R i g h t in l i k e t h i s , w h i c h i s why we
were s e e i n g i t i n C r i c k e t S p r i n g s , a n d s a y ,
n o w h e r e out in h e r e , or out over h er e or up in
her e .

E D S E L B A K E R : I t m a k e s t h e p l a c e b o u g h t b y
M . M . I , a c r o s s t h e h i l l over t h e r e , t h a t w o u l d b e
in l i n e .

M R . T R U S K O W S K I : R i g h t . B u t a g a i n , I d o n ' t
know —

E D S E L B A K E R : W e a r e t a l k i n g a b o u t g r o u n d
w a t e r now, r i g h t ?

M R . T R U S K O W S K I : R i g h t . I d o n ' t know t h e
d e t a i l s o f w h y t h e y b o u g h t i t o u t . W n a t X h e a r d
was t h a t t h e y b o u g h t i t ou t b e c a u s e th e
c o n t a m i n a t i o n s h o w e d u p .

E D S E L B A K E R : what d o e s t h e g e o l o g i s t s a y
about t h e g r o u n d w a t e r ?

M R . T R U S K O W S K I : I n what r e s p e c t ?
E D S E L B A K E R : Y o u s a i d w e s t , w e know i t ' s
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g o i n g w e s t , w e ' r e t a k i n g your word f o r i t .
M R . T R U S K O W S K I : T h a t i s what t h e r e m e d i a l

i n v e s t i g a t i o n s h o w e d u p . T h e p r o j e c t m a n a g e r f o r
E R H - S o u t h w e s t w o r k i n g f o r M . M . I , i s a g e o l o g i s t
r e g i s t e r e d here in A r k a n s a s . Our o v e r s i g h t
c o n t r a c t o r p r o j e c t m a n a g e r i s a l s o a g e o l o g i s t
r e g i s t e r e d here in A r k a n s a s , and t h e y t e n d t o
s h a r e t h e same v i ew a b o u t what t h e g r o u n d w a t e r
i s d o i n g , a p p r o x i m a t e l y . I t i s hard t o s a y f

"H.

a b s o l u t e l y .
E D S E L B A K E R : A n d g i v e n a f e w y e a r s t i m e

s p a n when i t s o a k s d o w n i n t o t h e g r o u n d w a t e r ,
t h e n w h a t ?

M R . T R U S K O W S K I : T h e n w e h a v e t h e same
s i t u a t i o n we have now. T h a t i s what has been
h a p p e n i n g ever s ince 1 9 6 2 , t h a t i s , w i t h t o e
o p e r a t i o n s o f t h e y a r d , t h e r e t e n d e d t o b e —
( I n a u d i b l e ) — down c oming out. We had one
s p r i n g ^how u p about r i g h t h e r e , i n t h e r a i l r o a d
t u n n e l , w i t h p e n t a . T h a t w a s t h e o n e t h a t
p r o m p t e d t h e i n v e s t i g a t i o n o f t h e s i t e . T h e n w e
h a d C r i c k e t S p r i n g s show u p a l s o . A n d once t h e
o p e r a t i o n s t o p p e d , w t : never f o u n d a n y t h i n g a g a i n
here in t h i s one. W h a t w e f i g u r e d wa s h a p p e n i n g
w a s t h e t r e a t e d wood w a s d r y i n g h e r e a n d d r i p p i n g
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34
here and c o m i n g d o w n and g o i n g ou t o f t h a t
s p r i n g . N o w t h a t e v e r y t h i n g i s g o n e , t h i s o n e
h a s s t o p p e d , a n d w h a t i s h a p p e n i n g i s l e a k i n g
d o w n i n t o t h e p r o b l e m a r e a s , h ere a n d down I n
h e r e , and g o i n g ou t h e r e .

E D S E L B A K E R : W h a t w o u l d h a p p e n i n t h e
f u t u r e when y o u f i n i s h w h a t e v e r i t i s y o u * r e
g o i n g t o d o t h e ; e a n d f i n d o u t t h e r e w a s g r o u n d
w a t e r c o n t a m i n a t i n g t h e g r o u n d w a t e r ?

M R . B O N D Y : T h e n , f i r s t o f f , p a r t o f t h e
r e m e d y w i l l i n c l u d e g r o u n d w a t e r m o n i t o r i n g f o r
m a n y , many y e a r s , l i k e 30 y e a r s , s o we w i l l
c o n t i n u e d t o m o n i t o r t h e area o f t h e g r o u n d
w a t e r . A n d t h e n t h e r e i s a l w a y s - - t h e r e i s
a l w a y s a p l a c e f o r u s t o come b a c k o u t h e r e i f
t h e r e i s a p r o b l e m .

M R . T R U S K O W S K I : T h e f u t u r e o f t h e s i t e . W e
s h o u l d have t h e f i n a l r e p o r t s r e a d y f o r y o u t o
l o o k a t a t t h e e n d o f A p r i l — I ' m s o r r y , t h e
b e g i n n i n g o f A p r i l ,

R A Y F O R D D U G G A N : I f o u r w e l l — h o w d o w e
know t h a t when you are no t c y c l i n g — t h a t t h i s
i s not g o i n g to run in p e r i o d i c a l l y , how do we
know t h a t ? W a t e r , y o u k n o w , g o d o w n a n d f l u s h i t
o u t , and the w a t e r runs down —
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M R . T R U S K O W S K X : R i g h t . H o p e f u l l y , w i t h

t h e , y o u k n o w , G a r r e t s a i d t h a t w e w o u l d k e e p
m o n i t o r i n g t h e w e l l s a n d t h e s p r i n g s f o r p r o b a b l y
3 0 y e a r s . I f s o m e t h i n g s h o w s u p , t h e n w e have t o
t a k e f u r t h e r a c t i o n .

R A Y F O R D D U G G A N i I ' m n o t s u p p o s e d t o b e
d r i n k i n g t h i s w a t e r a l l t h i s t i m e ? I mean, i f : t
s h o w e d u p o n c e , what i s t o k e e p i t f r o m d o i n g i t
a g a i n ?

J U D Y 8 0 Y D : A n d w h a t l e v e l have y o u s e t a t
w h i c h y o u s a i d y o u w o u l d d o s o m e t h i n g ?

M R . T R U S K O W S K I ; W e h a v e n 1 t s e t t h e l e v e l
y e t .

J U D Y B O Y D : Y o u h a v e n ' t s e t t h a t c r i t e r i a .
M R . T R U S K O W S K I : T h e r e i s n o c r i t e r i a i n

p l a c e , y e t .
M R . B O N D Y j T h e d r i n k i n g w a t e r s o u r c e i s , I

t h i n k , th e a c t i o n l e v e l i s one , t h a t i s a
d r i n k i n g w a t e r s t a n d a r d , b u t t h a t i s a d i f f e r e n t
s v o r y f r o m t h e c r e ek w e were t a l k i n g a b o u t
e a r l i e r , w h i c h i s no t a d r i n k i n g wauer s ourc e .
N o w , i n t e r m s o f w h e t h e r i t i s f l u s h i n g i n a n d
ou t o f th e w e l l , t h a t i s what we were s h o o t i n g
f or in the l a s t r ound o f s a m p l i n g t o s e . when we
d i d g e t a b i g ra in t o s e e what h a s h a p p e n e d . S o ,

P E T R E ' S S T E N O ( 5 0 1 ) 376-1411

thunter
008977



i
2
3
4
5
6
7
3
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

w e t r y t o s a m p l e u n d e r d i f f e r e n t c o n d i t i o n s t o
see what h a p p e n s when i t i s dry, to see what
h a p p e n s when i t i s we t .

K A T H Y D U G G A N : I g u e s s o u r c o n c e r n i s t h a t

t h e r e s u l t s have be en n o t o r i o u s l y s l o w i n g e t t i n g

to us , a n d , you k n o w , m e a n w h i l e , we have h a d g o l n e

p r o b l e m w i t h b u r n i n g eyes. i t o o k m y s o n t o t h e

o p h t h a l m o l o g i s t l a s t w e e k , a n d t h e y s a i d , w e l l ,
y o u k n o w , p o s s i b l y a l l e r g i e s , r e d eyes,
( i n a u d i b l e ) , b u r n i n g , t h i n g 8 l i k e t h a t _ y<>u

k n o w , t h e t h i n g b e i n g i s , w e d o n ' t have a n y

a s s u r a n c e if i t i a a l l e r g i e g o r ^^ ^ ^
k n o w , w h a t e v e r , and o f c o u r s e , we a r e c o n c e r n e d .
W e have g o t t w o c h i l d r e n over t h e r e d r i n k i n g t h i s
w a t e r d a i l y .

« R . B O N D Y , I u n d e r s t a n d y o u r c o n c e r n s .
R A Y F O R D D U G G A N : T h a t i a n o t s o m e t h l n g t h a t

can be t a k e n care of n ex t week or n e x t y e a r , but
n e e d s to be d o n e now.

J U D V B O Y D , W a s t h e w a t e r h e t e a f c t h g

t e s t e d ?
M R . T R U S K O W S K I : T h e s c hoo l com e o f f t h e

c i t y s u p p l y , a n d t h e c l t y s u p p l y £ a t e g t e ( j

r e g u l a r l y ,
R A Y F O R D D U G G A N : W h e n i t s h owed u p , f c h e v
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d i d n ' t t e l l u s u n t i l a f t e r a n o t h e r s a m p l e w a s
t a k e n , and why was t h a t ?

M R . T R O S K O W S K I : I d o n ' t know. I r e a l l y
c a n ' t say. Y o u k n o w , ( I n a u d i b l e ) , i t w a s n ' t m y
s i t e a t t h e t i m e , b u t I r e a l l y d o n ' t know what
h a p p e n e d e a r l i e r , t h e m e c h a n i c s o f when y o u g o t
t h e r e s u l t s , when t h e y sent t h e m out .

R A Y F O R D D U G G A N : T h e r e have been a l o t o f
d i s c r e p a n c i e s i n t h e w h o l e s a m p l i n g .

M R . T R U S K C W S K I : W e l l , l e t m e g i v e y o u a
c a l l t o m o r r o w , a n d I w i l l s e e i f I c a n t r a c k d o w n
a l l o f t h e s a m p l i n g . A n d , y o u k n o w , a l o t o f
t h a t i s a s much my f a u l t a s a n y t h i n g e l s e . We
have t a l k e d on the p h o n e a b o u t — I sent you
s o m e t h i n g i n J u n e , r i g h t ? A n y w a y , l e t m e g e t
y o u r name a n d n u m b e r a f t e r w e a r e d o n e , a n d I
w i l l t a l k t o you.

L A D Y : T h e r e a r e many.
M R . T R U S K O W S K I s R i g h t .
K A T H Y D U G G A N : J u l y 1 4 t h , F e b r u a r y 2 3 r d

s a m p l e , a n d t h e r e s u l t s s i n c e F e b r u a r y 2 3 .
M R . T R U S K O W S K I : R i g h t .
M R S . A D A M S ? ; ( I n a u d i b l e ) — t a k i n g p l a c e ,

why s h o u l d we -- ( I n a u d i b l e . )
M R . T R O S K O W S K I s A l o t o f t h a t w o u l d have t o
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d o w i t h w h e r e t h e w e l l i s . W h e n t h e
i n v e s t i g a t i o n s t a r t e d / when w e d i d t h e w e l l
s u r v e y / we went a r o u n d t o a l o t o f t h e p e o p l e
w i t h w e l l s t h a t were o n t h e b o o k s , t a l k i n g t o
t h e m , t r y i n g t o g e t d e t a i l s abou t t h e
c o n s t r u c t i o n , h o w t h e y were f i n i s h e d , t o s e e
w h e r e t h e y w o u l d b e m o n i t o r i n g a n d i f i t w o u l d b e
w o r t h w h i l e m o n i t o r i n g t h a t w e l l , d e p e n d i n g o n
w h e r e i t w a s g e t t i n g w a t e r f r o m . A n d t h a t i s i n
t h e ( I n a u d i b l e ) , a n d t h e y d e c i d e d o n t h e w e l l s
t h a t t h e y d i d s a m p l e .

J U D Y B G Y D : D i d y o u a a y t h a t y o u d i d o r d i d
n o t d o a d y e t r a c i n g s a m p l i n g t o k n o w f o r sure
a b o u t t h e g r o u n d w a t e r ?

M R . T R U S K O W S K I : W e h a v e n ' t y e t . W e h a v e n ' t
y e t . It i s s t i l l on th e — y e s , i t i s s t i l l an
i d e a f o r t h e r e m e d i a l d e s i g n a f t e r t h e r e c o r d i s
in . what th e p r o b l e m ha s been i s t h a t th e amount
o f w a t e r t h a t i s f l o w i n g o u t o f t h e s p r i n g s i s s o
l o w t h a t i t w o u l d n ' t t e l l u s a n y t h i n g i f w e d i d
i t now. We need to ge t the s p r i n g s back up to a
l e v e l w h e r e i t i s a p p r o x i m a t e l y n o r m a l , r a t h e r
t h a n i n t h i s d r o u g h t c o n d i t i o n , t h i s s e m i - d r o u g h t
c o n d i t i o n , w h i c h i t s t i l l i s . l t h i n k t h a t l a s t
y e a r , t h i s area w a s s o m e t h i n g l i k e t e n i n c h e s
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b e l o w n o r m a l i n r a i n f a l l . I d o n ' t know.

I f w e g e t t h e c o n d i t i o n s n e c e s s a r y , yes,
by al l means we w i l l do i t , because t ha t t a k e s
o u t a l o t o f t h e u n c e r t a i n t y f o r M . M . X . , w h o i s
g o i n g t o b e d o i n g i t , w h o ' s g o i n g t o b e p a y i n g
for t h i s w o r k , and i t t a k e s out a lot o f
u n c e r t a i n t y for us , wher e we can come in and say,
" Y e a h , we d e f i n i t e l y know where t h i s wat er i s
g o i n g once i t l e a v e s the s i t e . "

J O D Y B O Y D j A t wha t p o i n t d o e s E . P . A . b e g i n
to pay?

M R . T R U S K O W S K I s I f H . H . I , d e c i d e d n o t t o ,
o r i f H . H . I , d e c i d e d n o t t o d o i t a c c o r d i n g t o
E . P . A , g u i d a n c e a n d p o l i c y a n d p r o c e d u r e . T h e y
have been very c o o p e r a t i v e s o f a r , a n d w e h a v e n ' t
h a d r e a l l y a n y p r o b l e m w i t h t h e m a t a l l . B u t w e
d o n ! t t h i n k t h a t E . P . A . i s g o i n g t o have t o p a y
f o r t h i g / w e t h i n k t h a t H . H . I , i s g o i n g t o . O f
c o u r s e , w e w i l l have t o s e e ( I n a u d i b l e ) , t h e y
have been very good so f a r .

M R S . A D A H S : B u t y o u ' r e n o t d r i n k i n g wa t er
f r o m t h e w e l l s a n d w o r r y i n g about i t . Y o u ' v e g o t
a lot more p a t i e n c e .

H R . T R U S K O t f S K X : T h a t i s t ru e .
M R S . A D A M S : T h a t m a k e s a b i g d i f f e r e n c e ,
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ev ery tin. you m ake a pot of s o u p , you worry

about wha t y o u ' r e d r i n k i n g .
M R . T R U S K O W S K I , Y e s , u n f o r t u n a t e l y , t h e

w h e e l s o f t h e g o v e r m n e n t c a n s o m e t i m e s b e v ery
s l o w , and i t i s f r u s t r a t i n g t o u s , bu t i t
c o u l d n ' t p o s s i b l y b e a s f r u s t r a t i n g t o u s a s i t
1 - t . y o u . B u t i t i s f r u s t r a t i n g . I d o n ' t t h i n k
t h e r e i . a n y b o d y a t t h e a g e n c y w h o d i d n ' t w i s h
t h a t w e c o u l d j u s t g o n o w a n d t a k e care o f a l l o f
t h e s e t h i n g s .

M R S . A D A M S : W h y c a n ' t you?
M R . T R O S K O W S K I : B e c a u s e w e have t o • « .

s u r e t h a t we are —
M R S . A D A M S : what c a n w e d o t o s p e e d u p

t h o s e w h e e l s ?
M R . T R O S K O W S K I : w r i t e y o u r c o n g r e s s m a n .
M R S . A D A M S : I t d o e s n ' t work .
M R . T R O S K O W S K I : y e s , t know. E > p > A > l s

u n d e r a l o t o f c o n s t r a i n t s t o p r o t e c t t h e human
h e a l t h a n d e n v i r o n m e n t , a n d t h e s e c o n s t r a i n t s a r e
s u ch t h a t we have to be very c a r e f u l . He are a
very c o n s e r v a t i v e a g e n c y . S o, w e have t o b e

c a r e f u ! what we are d o i n g and how we do i t ,
b e c a u s e , you k n o w , we are in the p u b l i c eye so
"".ch. AS a r e s u l t , we t e n d to s t u d y t h i n g s a
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l o t , a l o t . And i f we c o u l d s p e e d i t up , we ar e
w e were t a l k i n g e a r l i e r , w e have s t a r t e d d o i n g
t h i n g s t o s p e e d u p , w e have been t o l d t o s p e e d
t h i n g s u p , a n d w e a r e t r y i n g t o p u t t h e p o l i c i e s
i n p l a c e t h a t w i l l a l l o w u s t o s p e e d t h i n g s u p ,
b u t t h e a g e n c y moves s l o w l y .

W I L L I E T A T E : W h a t i s t h e l o w e s t l e v e l t h a t
y o u p i c k u p i n t h e w a t e r ? Y o u s a i d above o n e
w a s n ' t d r i n k a b l e , b u t h o w f a r have y o u g o n e , what
w o u l d b e in t h e r e , and w o u l d i t p i c k i t up , o r
w h a t ?

M R . T R U S K O W S K I : I b e l i e v e t h e d e t e c t i o n s
a r e s o m e t h i n g l i k e .01, when I w a s t a l k i n g a b o u t
j u s t over one , I t h i n k i t i s a r o u n d ,01 , I n
w a t e r s a m p l e s , you have got to -~

W I L L I E T A T E ; I f t h e r e i s a n y P C P i n t h e
w e l l , w o u l d i t show u p ?

M R . T R O S K O W S K I : N O .

W I L L I E T A T E : N o t even r e a d a b l e i n a n y w e l l ?
M R . T R U S K O W S K I ! I d o n ' t b e l i e v e s o , n o .
B I L L N A I L s Y o u have g o t ( I n a u d i b l e ) o n a

w e l l , what i s t h a t ?
M R . T R U S K C W S K I : T h e c o m p a n y t h a t w a s

w o r k i n g f o r M . H . I . , a n d t h e n —
B I L L N A I L : T h e y h i r e d t h e m ?
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M R . T R U S K O W S K I : T h a t i s w h y w e d o s p l i t
s a m p l e s . I t h i n k w e d o abou t t e n p e r c e n t . I t i s
a r a n d o m t h i n g , s o t h a t t h e y d o n ' t know when w e
a r e g o i n g t o s p l i t t h e i r s a m p l e s . W e w i l l g o o u t
a n d w e w i l l s p l i t t h e s a m p l e s a n d w e w i l l s end
t h e m t o t h e E . P . A . l a b t o c h e c k t o m a k e s u r e , t o
c h e c k t h e n u m b e r s b a c k a n d f o r t h , a n d s o , y e a h /
t h e y a r e v ery c o m p a r a b l e .

O k a y . B u t a f t e r t h e r e m e d i a l
i n v e s t i g a t i o n a n d t h e f e a s i b i l i t y s t u d i e s come
o u t f i n a l , w e w i l l b e p u t t i n g t h e m i n t h e
r e p o s i t o r i e s . T h i s i s o n e r e p o s i t o r y , r i g h t ?

W h a t a r e t h e o t h e r one s?
M S . G R E E N E Y ; I t i s o n t h e b a c k .
M R . T R U S K O W S K I : O n t h e b a c k o f t h e s h e e t ?
M S . G R 3 3 E N E Y : T h e Boone C o u n t y l i b r a r y , a n d

a l s o t h e Boone C o u n t y c o u r t h o u s e , a s w e l l a s t h e
l i b r a r y h er e a t t h e s c h o o l .

M R . T R U S K O W S K I : A n d y o u w i l l have a chanc e
to go a h e a d and read t h o s e , and be a b l e to — i f
t h e r e ar e any q u e s t i o n s you have a b o u t t h a t
i n v e s t i g a t i o n , t h e n g i v e me a c a l l * you know, I
w i l l t ry t o answer y o u r q u e s t i o n s th e best I can.
T h e n s h o r t l y a f t e r t h a t , w e w i l l b e p u t t i n g o u t a
p r o p o s e d p l a n
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B I L L NAIL: r want t c k n Q t f f j ^^ ^^

b e l o w al l o f t h e s e s i t e s , I have got an 80 f o o t
w e l l a b o u t a h u n d r e d y a r d s o f f o f t h e C r i c k e t ,
and to my k n o w l e d g e , i t has never been c h e c k e d .
T h i s i s w h e r e t h e r a i l r o a d runs o f f , t h i s i s
w h e r e y o u r C r i c k e t S p r i n g s runs o f f t h e r a i l r o a d ,
r i g h t o f f i n t o m y p l a c e .

M 3 . T R U S K O W S K I : Y o u a r e d o w n b e l o w C r i c k e t ?
B I L L J A I L : J u s t b e l o w t h e o l d M i l l e r f l a g

p l a c e ,
M R . T R U S K O W S K I : Y o u a r e d o w n b e l o w t h e —

y o u a r e d o w n i n t h e c h a n n e l , down o f f t h e c h a n n e l
i n t h i s d i r e c t i o n ?

B I L L N A I L : W e l l , r i g h t down o n t h e c r e e k .
M R . T R U S K O W S K I : I ' m s o r r y —
B I L L N A I L : M y w e l l h a s n e v e r been c h e c k e d

t h a t I know o f a t a l l , t h e y come t h e r e o n e t i m e
a n d t o o k t h e t o p o f f o f i t a n d c o u l d n ' t g e t n o
w a t e r o u t o f i t , b u t t h e y d i d n ' t t a k e i t o u t o f
t h e h y d r a n t . T h a t ' s t h e o n l y w a y y o u ' r e g o i n g t o
get i t out o f mine . I w o u l d l i k e to see i t
c h e c k e d , b e c a u s e I am r i g h t on the t a i l end of
where i t runs o f f o f your r a i l r o a d t r a c k a n d o u t
o f C r i c k e t S p r i n g s b o t h , b e c a u s e I am o n l y a
h u n d r e d y a r d s o f f o f t h e c r e e k , a n d a n 8 0 f o o t
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w e l l , t h a t i s a l l I have.

M R . T R U S K O W S K I : T h a t w i l l b e s o m e t h i n g t h a t
w e w i l l c o n s i d e r very s t r o n g l y d o i n g a s p a r t o f
t h e r e c o r d o f d e c i s i o n a s p a r t o f t h e c omment
p e r i o d f o r t h e p r o p o s e d p l a n t h a t w e a r e g o i n g t o
d o r i g h t a f t e r — p r o b a b l y e a r l y A p r i l , a l s o , i s
i t g o e s i n t o a p u b l i c c omment p e r i o d w h e r e you
get to read wha t we want to do and t h e n s end in
c o m m e n t s t h a t s a y , " T h i s i s w h a t I w o u l d l i k e y o u
t o do in a d d i t i o n , " or " T h i s i s wha t I w o u l d l i k e
y o u t o d o d i f f e r e n t t h a n t h i s , " o r " W h y a r e y o u
d o i n g t h a t ? "

B I L L N A I L : W e l l , I ' m a bou t a q u a r t e r u p
t h i s w a y , i t go e s — i t i s u n d e r g r o u n d a l l t h e
w a y d o w n , p a s t t h i s p l a c e h e r e , down u n d e r g r o u n d ,
a l l t h e w a y d o w n , i t i s a b o u t a q u a r t e r b e f o r e i t
g e t s to my h o u s e , and it comes out and comes
r i g h t out on the r o ck s t h e r e . So, my w e l l i s
very s h a l l o w .

M R . T R U S K O W S K I : E i g h t y f e e t i n t h i s area i s
a c t u a l l y a f a i r l y d e e p w e l l .

B I L L N A I L : W e l l , I a m s i t t i n g i n t h e b e d o f
C r i c k e t , t h o u g h — r i g h t here i s w h e r e i t i s a t .
I ' m r i g h t down - - r i g h t i n t h e l o w e r p a r t o f i t ,

M R . T R U S K O W S K I : C r i c k e t C r e e k o r C r i c k e t
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S p r i n g ?

B I L L N A I L : C r i c k e t C r e e k - R i g h t o n C r i c k e t
C r e e k .

M R . T R O S K O W S K I : O k a y , c r i c k e t c r e e k h a s
never shown any c o n t a m i n a t i o n . W e have neve)-
f o u n d a n y c o n t a m i n a t i o n i n here .

B I L L N A I L : W h e r e y o u t h i n k t h e s p r i n g w a t e r
h e r e , g o e s ? i t i s g O l n g t o r u n i n f c o C t i c k e t

C r e e k , a n d a l s o your r a i l r o a d t r a c k comes r i g h t
d o w n a n d cornea r i g h t o u t , r i g h t t h e r e i n f r o n t o f
h i s hou s e .

«R. TROSKOWSKI: R l g h t . W e l l , w e have „.„„
f o u n d c o n t a m i n a t i o n d o w n t h e r e i n t h e s e d i m e n t s
or in the w a t e r .

B I L L H A I L : I s i t b e c a u s e y o u h a v e n ' t been
d o w n t h e r e , o r y o u ' v e been d o w n t h e r e - n o b o d y
hao ever t e s t e d my w a t e r .

M R . T R U S K O W S K I : T h e w e l l w a t e r ?
B I L L N A I L . - R i g h t . i d r i n k t h a t s t u f f ev ery

d a y .
M R . T R U S K O W S K I : P r o b a b l y b e c a u s e o f t h e

l o c a t i o n . T h a t w a s t h e d e c i s i o n t h a t w a s m a d e
e a r l i e r , w h i c h w e l l s w e were g o i n g t o s a m p l e ,
w h i c h ones w e w e r e n ' t g o i n g t o s a m p l e , a n d w e d i d
i t ba s ed on v / h e r e the w e l l i s t o what w a t e r u n i t
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i t i s g e t t i n g t h e w a t e r o u t o f , a n d w h e r e i n
p r o x i m i t y t o t h e s i t e -

B I L t N A I L : W e l l / a t m y a g e , I d o n ' t want t o
d i e w i t h cancer. I have s t i l l have g o t f i f t y
y e a r s t o go .

M R . T R O S K O W S K I : T r u s t m e , I d o n ' t want t o
d i e o f c a n c e r , t o o .

J O H N P A R T Q N : H e b r o u g h t u p a p o i n t t h e r e
about r u n n i n g o f f t h e r a i l r o a d . A f e w m o n t h s
b a c k , my son and m y s e l f b e g a n at C r i c k e t and we
w a l k e d a b o u t f o u r m i l e s o n t h e r a i l r o a d o u t t o
C r e s t t u n n e l . A l l a l o n g t h e r e h a d been a
r a i l r o a d car t h e r e t h a t e v i d e n t l y had broke l oo s e
or s o m e t h i n g , and t h e r e was j u s t a s t r e a m of o i l
r i g h t i n t h e m i d d l e o f t h e t i e s a l l t h e w a y o u t .
S o , i f y o u f i n d s o m e t h i n g , s a y , a t h i s p l a c e , h o w
a r e y o u g o i n g t o b e g u a r a n t e e d t h a t i t d i d n ' t
come f r o m the r a i l r o a d ? How are you g o i n g to be
g u a r a n t e e d t h a t some t a n k e r c a r d i d n ' t come
t h r o u g h and it had a b r e a k in it and d i e s e l went
a l l over t h e r a i l r o a d a n d w a s h e d o f f t h e s i d e a n d
down t h e c r e e k ?

M R . T R U S K O W S K I : W e went down t o t h e s i t e
t o d a y , I was s h o w i n g G a r y some o f th e f e a t u r e s o f
t h e s i t e t o d a y , and we were w a l k i n g a l o n g th e
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r a i l r o a d , a n d , y e s , t h a t i s e x a c t l y r i g h t , t h e r s
are s p o t s o f o i l on the r a i l s , and you and I w e r e
t a l k i n g a b o u t t h a t a l i t t l e e a r l i e r , too. I , y s u
k n o w , t h e s i t e i n t h i s r e m e d i a l i n v e s t i g a t i o n - -

J O H N P A R T O N : T h e more m i l e s w e w a l k e d ,
eve cy b i t o f i t g o e s o f f a n d d o w n t h e C r i c k e t t o
t h e p l a c e whc^e h e w a s t a l k i n g a b o u t .

M R . T R U S K O W S K I : T h e r e i s o n e p o i n t a l o n g
o n e o f t h e c h a n n e l s , o n t h e , I g u e s s , t h e n o r t h

ia i d e o f t h e road r i g h t d o w n h e r e , w h e r e t h i s s i d e
o f t h e r o a d , d o w n h e r e , when w e were w a l K i n g , n e
a n d m y c o n t r a c t o r w e r j d o w n t h e r e l o o k i n g a t i l ,
a n d , y e a h , t h e r e w a s a v e r y o ' l y p l a c e .
A p p r e c i a t e y o u c o m i n g .

E D S E L B A K E R : T h a n k you.
M R . T R O S K O W S K I : I h o p e I h e l p e d y o u o u t .
E D S E L B A K E R : Y e a h ,

M R . T R U S K Q W S K I : T h e r e i s a s e e p o f o i l
c o m i n g o u t f r o m t h e r e t h a t w e h a d t h e m s a m p l e
w h i l e t h e y were o u t , a n d i t d i d n ' t show u p
a n y t h i n g t h a t w o u l d r e l a t e t o t h e s i t e , e i t h e r ,
w h i c h t e l l s m e t h a t i t p r o b a b l y ca s t e f r o m t h e
r a i l r o a d .

J O H N P A R T O N : T h e r e i s a r a i l r o a d t i e about
every t w o f o o t o r f o o t a p a r t a n d i t i s a l s o
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t r e a t e d w i t h c r e o s o t e .

M R . T R U S K O W S K I : C r e o s o t e , r i g h t .
J O H N P A R T O N ; T h a t t h e w a t e r w o u l d wash o n t o

i t and s o a k d o w n .
M R . T R U S K O W S K I : T h a t ' s r i g h t . A n d t h e r e i s

n o w a y w e c a n t e l l t h a t c o n t a m i n a t i o n i s n ' t
c o m i n g f r o m t h a t ,

E D S E L B A K E R ; B u t even t h a t ( I n a u d i b l e ) / n o t
o n C r i c k e t ( i n a u d i b l e ) .

M R . T R U S K O W S K I : W e d i d i t t o d a y , a n d w e s a w
th e s h e e n on th e t op —

W I L L I E T A T E s Y o u c o u l d t e l l i t w a s g o
b e t w e e n ( I n a u d i b l e ) when t h e p l a n t w a s i n
o p e r a t i o n .

M R . T R U S K O W S K I : C a n you?
W I L M 2 T A T E : when i t w a s i n o p e r a t i o n a n d

h o w f a r t h e — a l o n g t h e r o a d , t o t h e c r e e k .
M R - T R U S K O W S K I : Y o u l o o k a t t h e v o l u m e t h a t

must have been g o i n g d o w n i n t o t h e — j u a t i n t o
t h e d i r t , t h e a m o u n t o f t h e o i l .

W I L L I E T A T E : I d o n ' t k n o w , b u t i t s e ems
l i k e i t w o u l d d i s s i p a t e a l i t t l e b i t a l o n g t h e
l i n e . I t m i g h t n o t ever — ( I n a u d i b l e ) — i t .

M R . T R U S K O W S K I ; T h a t i s what t h e
i n v e s t i g a t i o n h a s s h o w e d .
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L A D Y : I f y o u c a n s m e l l t h a t when i t goe s

t h r o u g h , and i t i s — ( i n a u d i b l e ) — to w a t e r i t
d o w n , and how much o f t h a t i s on the r o ck s .

M R . T R U S K O W S K I : T h a t ' s a v ery d i f f i c u l t
q u e s t i o n t o a n s w e r . P a s s t h e buck a g a i n , T h a t ' s
s o m e t h i n g t h a t r e a l l y a t o x a c o l o g i s t w o u l d need
to be a b l e to a n s w e r . T h a t i s one of t h o a o
q u e s t i o n s o f wha t t h e p e n t : a , what t h e o i l t h a t i e
in th e d i t c h / how t o x i c i t i s , and —
( I n a u d i b l e ) . I j u s t d o n ' t k n o w , I c a n ' t an swer
t h a t q u e s t i o n .

M R S . A D A M S f I n t h e c r e e k — ( I n a u d i b l e ) .
M R . T R U S K O W S K I ; Y e a , w e h a v e . W e have

t e s t e d t h e s e d i m e n t s .
M R S . A D A M S s H o w f a r d o w n ?
M R , T 3 U S K O W S K I : A l l t h e w a y d o w n C r i c k e t

C r e e k , a n d d o w n — ( I n a u d i b l e ) .
L A D Y : H o w l o n g d i d y o u d o t h a t ?

M R . T R U S K O W S K I : R o w l o n g s ince w e s a m p l e d
i t?

K E N A D A M S I Y e s , — •

M R . T R Q S K Q W S K X t i t h a s been s in c e t h a t o n a
h i g h ra in t h a t y c u ware t a l k i n g a b o u t e a r l i e r ,
and no t r e c e n t l y .

K H H A D A M S i H o t r e c e n t l y . W e l l , y o u d o n ' t
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know how much has cone t h r o u g h , how much is s t u c k
to the g r a v e l , and how much has been washed in to
the y a r d s down t h e r e , how much has s t u c k — how
much h a s r u n , w a t e r h a s r u n o f f i n t o t h e g r o u n d .
S o m e p e o p l e , t h en t h e y are g o i n g to -- and
g a r d e n s , your p l a n t s t a k e a l l o f t h e n u t r i e n t s
ou t o f th e g r o u n d , w e l l , t h a t i s g o i n g t o b e in
t h e r e , t h e d i o x i n a n d a l l o f t h a t , y o u a r e g o i n g
to ea t t h a t , too.

M R . T R U S K O W S K I ; A l l I c a n t e l l y o u i t t what
t h e r e m e d i a l i n v e s t i g a t i o n s h o w e d u p . H o n e o f
t h e s e d i m e n t s a l o n g t h e c r e ek o r a l o n g t h e s p r i n g
channel t h a t f e e d s i n t o th e cr e ek have shown any
c o n t a m i n a n t . I r e a l i z e I have seen it , t o o , I
have seen the oil on — a s h e e n of oil on the
w a t e r s o m e t i m e s and on the r o c k s , t o o , and you
can s m e l l it when you are down in t h a t area. But
t h e t e s t i n g h a s n ' t shown u p a n y p e n t a o r a n y P N A a
in t h a t d i t c h , in any o f th e s e d i m e n t s .

J U D Y B O Y D i D i d y o u check t h e w a t e r l e v e l
w i t h — ( I n a u d i b l e ) ?

H R . T R U S K O W S K I i N o t t h e s e d i m e n t s , t h e
w a t e r , t e s t e d t h e w a t e r when i t w a s h i g h ?

J O D Y B O Y D ; A n d y o u t e s t e d t h e s e d i m e n t s
when the wa t e r l e v e l was —
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M R . T R O S K O W S K I s I b e l i e v e i t w a s i n a

f a i r l y l o w s t a g e . Y o u know, y o u t r y t o g r a b
w h e r e y o u s e e t h e most c o n t a m i n a t i o n . I t d o e s n ' t
m a t t e r w h e r e t h e w a t e r a c t u a l l y i s b e c a u s e wha t
h a p p e n s i s t h e o i l , when i t f l o a t s o n t h e t o p , i t
w i l l g o u p t o t h e h i g h e s t l e v e l w h i l e i t t h e r e ,
t h e n when t h e w a t e r go e s back d o w n , i t w i l l coat
t h e s i d e s t h e r e . So, what we t ry t o do i s t ry t o
s a m p l e a l o n g t h e r e , t o t r y t o f i n d o u t what i t
is.

S o , b y t h e m i d d l e o f A p r i l , w e w i l l have
a p r o p o s e d p l a n a l s o i n t h e r e p o s i t o r i e s , w h i c h
w i l l t e l l y o u w h a t w e a r e t h i n k i n g abou t d o i n g
o u t t h e r e , a n d i t w i l l b e o p e n e d u p f o r p u b l i c
c o m m e n t i n w h i c h y o u w i l l read t h e p l a n , a n d y o u
a l s o w i l l have t h e R I / F S i n f r o n t o f y o u , w h i c h
y o u c a n read a l s o . W a w i l l t a k e t h e c o m m e n t s a n d
o b s e r v e , you k n o w , i f your comment i s , "I w o u l d
l i k e t o s e e my w e l l a d d e d a s p a r t o f t h e
m o n i t o r i n g . *

B I L L N A I L i Y e s , I w o u l d .
M R . T R U S K O W S K I : w e w i l l t a k e a l o o k a t t h a t

and l o o k at y o u r ws21 and see if we can do it.
B I L L N A I L : A r e y o u g o i n g t o have a r e a d i n g

on i t b e f o r e you d e c i d e what —
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M R . T R U S K O W S K I : R i g h t . A f t e r t h e p r o p o s e d

p l a n comes o u t , w e w i l l have a f u l l s c a l e p u b l i c
m e e t i n g , n o t l i k e t h i s w h e r e I ' l l b e u p a g a i n s t a
t a r g e t w h e r e you can t h r o w t h i n g s , bu t we w i l l b e
up — bu t we w i l l g i v e you w i l l a n o t h e r c n a n c e t o
ask mor e q u e s t i o n s . But t h i s w i l l be b a s e d on
h a v i n g t h e r e m e d i a l i n v e s t i g a t i o n a n d t h e
f e a s i b i l i t y s t u d i e s i n f r o n t o f y o u , a n d t h e
p r o p o s e d p l a n , s o y o u w i l l have a l l o f t h e
i n f o r m a t i o n t h a t I have i n f r o n t o f y o u i n o r d e r
t o a s k t h e q u e s t i o n s , a n d t h e n w e w i l l t a k e t h e
c omment t h a t — t h e c o m m e n t s t h a t y o u send d u r i n g
t h a t t h r e e d a y p e r i o d a n d w e w i l l i n c o r p o r a t e
t h e m i n t o t h e d e c i s i o n - m a k i n g p r o c e s s .

R i g h t now, w e a r e h o p i n g t o g e t a f i n a l
d e c i s i o n on w h a t we are g o i n g to do a t the
A r k w o o d s i t e o u t b y t h e e n d o f J u n e , a n d w e w i l l
t a k e t h e p r o p o s e d p l a n a n d t a k e t h e c o m m e n t s a n d
i n c o r p o r a t e t h s m a n d t h e r e c o r d o f d e c i s i o n m a y
or raay no t b e th e same t h i n g a s th e p r o p o s e d p l a n
d e p e n d i n g o n what c o m m e n t s w e h a - e f r o m t h e
p u b l i c .

M R S . A D A M S : Doe s t h a t -.etr. a c t u a l s t a r t i n g
i n J u n e t o c l e a n u p , o r w h a t ?

M R . T R D S K O W S K I ; A f t e r t h e — a f t e r w e s i g n
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t h e R O D , w e w i l l g o i n t o n e g o t i a t i o n s w i t h M a s s
M e r c h a n d i s e r s t o — f o r t h e c o n d i t i o n s o f t h e
c l e a n u p .

M R . B O N D 1 / : ( I n a u d i b l e . )
M R . T R U S K O W S K I : Y e s , I a m t r y i n g t o g o over

t h a t a l l .
M R S . A D A M S : R o w l o n g w i l l i t t a k e ?
M R . T R U S K O W S K I ; W e w i l l b e l o o k i n g a t t h e

d e s i g n s t a r t i n g a p p r o x i m a t e l y s i x m o n t h s a f t e r
t h e n e g o t i a t i o n s , t h a t i s t y p i c a l l y —

M R S . A D A M S : T h e d e s i g n s t a r t i n g .
M R . B O N D Y : B e f o r e y o u s t a r t t h e d e s i g n , h o w

l o n g t h e d e s i g n w i l l t a k e , I d o n ' t k n o w - W e ' v e
h a d d e s i g n s t a k e a c o u p l e o f y e a r s .

R A Y F O R D D U G G A N : A r e w e t a l k i n g a b o u t a
b l u e p r i n t o r s o m e t h i n g l i k e t h a t ?

M R . B O N D Y ; E x a c t l y .
R A Y F O P D D U G G A N : W e a r e n o t t a l k i n g a b o u t

t h e a c t u a l w o r k ?
M R . B O N D Y ; E x a c t l y .
R A Y F O R D D U G G A N : W e l l , what a r e w e t a l k i n g

abou t l o n g - r a n g e ?
K A T H Y D U G G A N : W e a r e t a l k i n g abou t —

( I n a u d i b l e . )
M R . T R U S K O W S K I ; A g a i n , i t i s h a r d t o t e l l .

' S S T E N O ( 5 0 1 ) 376-141).

thunter
008995



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

54
b e c a u s e i t a l l d e p e n d s on what th e r e m e d y i s .

R A Y F O R D D U G G A N i F r o m what w e were t o l d t h e
l a s t t i m e , y o u a r e a l r e a d y t w o y e a r s b e h i n d a t
t h i s p o i n t h e r e , t h e y s a i d t e n y e a r s t h e n , s o , 2 0
y e a r s c a n b e a f f e c t e d .

E D S E L B A R E R : ( I n a u d i b l e . )
J U D Y B O Y D : I f p e o p l e d e c i d e t h a t t h e y w o u l d

l i k e t h e d y e t r a c e r , a n d f e e l t h a t t h e
d i a g n o s t i c s have r e a l l y n o t been c o m p l e t e e n o u g h

M R . T R U S K O W S K I : R i g h t .
J U D Y B O Y D ; D o t h e y g e t t h e i r i n p u t o n t h a t

b e f o r e y o u d e v e l o p a p r o p o s e d p l a n , o r a r e y o u
g o i n g t o d o y o u r p r o p o s e d p l a n a n d w a i t a n d s e e
i f p e o p l e f e e l s t r o n g l y abou t h a v i n g t h e d y e
t r a c e r d o n e o n t h e w a t e r f l o w ?

M R . T R U S K O W S K I ; I c a n s a y y e s t o b o t h
q u e s t i o n s . Y e s , i t m i g h t b e p a r t o f t h e p r o p o s e d
p l a n , and y e s , i t m i g h t b e i n c l u d e d in t h e ROD
b a s e d o n a l l o f t h e c o m m e n t s . I d o n ' t know y e t .

M R . B O N D Y : N o w , i f y o u a r e a w a r e o f
s o m e t h i n g , t o h e l p y o u r s e l f o u t , y o u c a n j u s t —
you can r e q u e s t u s to do s o m e t h i n g , some k i n d o f
t e s t i n g , t h e n y o u r e a l l y need t o j u s t i f y w h y y o u
want us to do i t , why i t s h o u l d be d o n e , not j u s t
b e c a u s e you want i t d o n e , o t h e r w i s e . We have t o
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have a r e a s o n , not j u s t a b a s i c r e q u e s t , we
r e a l l y need to have a r e a s o n why i t s h o u l d be
d o n e . W e t h i n k i t n e e d s t o b e d o n e b e c a u s e y o u
d o n ' t know t h i s , a n d t h i s c o u l d m a y b e t e l l y o u
t h i s t y p e o f t h i n g ; t h a t w o u l d r e a l l y s t r e n g t h e n
your l e t t e r t o u s .

J U D Y B O Y D : H o s t o f u s h er e a r e r ea l
f a m i l i a r w i t h t h e case i n G r e e n F o r e s t w i t h t h e
s e w a g e p r o b l e m w h e r e e v e n t u a l l y t h e y d i d d o a d y e
t r a c e r , a n d i t c a r r i e d f a r , f a r , f a r b e y o n d w h a t
a n y b o d y t h o u g h t t h a t i t w o u l d , a n d i t t o t a l l y
c h a n g e d t h e a s i t u a t i o n a s f a r a s w h a t t h e y
n e e d e d t o d o i n d e v e l o p i n g a t r e a t m e n t p l a n t i n
G r e e n F o r e s t , a n d a l s o , t o t a l l y c h a n g e d t h e
c l a i m s t h a t p e o p l e c o u l d l e v y a g a i n s t T y s o n ' s
t h a t h a d h e a l t h p r o b l e m s a n d d e a t h s i n t h e f a m i l y
t h a t were a t t r i b u t e d t o i t . H a d t h e y n o t d o n e
t h a t , t h e p e o p l e t h a t c o u l d c l a i m i n j u r y o r d e a t h
w o u l d n o t have been a b l e t o c l a i m i t ; t h e y
w o u l d n ' t have been a b l e t o p r o v e t h a t t h e w a t e r
f l o w d i d c a r r y t o t h e i r o w n s y s t e m . S o , i n n o t
d o i n g t h a t , y o u a u t o m a t i c a l l y l o c k o u t t h e f u t u r e
p o t e n t i a l f o r p e o p l e t o make c l a i m s .

M R . T R U S K O W S K I : T h e d y e t r a c e r s c a n b e very
p o w e r f u l t o o l i n K a r s t ; t h a t h a s been r e c o g n i z e d
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i n t h i s r e g i o n e s p e c i a l l y . I t h i n k A r k a n s a s
d o e s n ' t even a l l o w l a n d f i l l s t o p u t i n d y e t r a c e r
s t u d i e s . I t ' s a very p o w e r f u l t o o l .

J U D Y B O Y D : D o y o u t h i n k t h a t a s much m o n e y
a s we ar e t a l k i n g about h e r e , and th e k i n d o f
e x t r e m e r i s k t o p e o p l e t h a t w e a r e t a l k i n g about
h e r e , a n d t h e a m o u n t o f y e a r s t h a t w e a r e t a l k i n g
abou t t h a t t h i s w i l l a f f e c t p e o p l e i n t h i s a r e a ,
i s t h a t su ch a s m a l l t h i n g f c o d o t h a t w i l l have
s u ch a b i g e f f e c t i n t h e l o n g run? I d o n ' t
u n d e r s t a n d w h y t h a t w o u l d n ' t b e d o n e .

M R . B O N D Y s O n e o f t h e b i g t h i n g s w h y w e a r e
not s u r e i t i t i s g o i n g to t e l l u s a n y t h i n g , we
have g o t t o b e a b l e t o f i n d t h i s d y e . when w e
i n j e c t i t i n t o t h e g r o u n d w a t e r , w e have g o t t o
be a b l e to to f i n d i t . We are not so s ur e we
w i l l b e a b l e t o f i n d i t .

J U D Y B Q Y D s w e l l , y o u w i l l never know u n l e s s
you t r y .

M R . B O N D Y : T h a t ' s r i g h t .
M R S . A D A M S : J u s t k n o w i n g t h a t i s i m p o r t a n t .

N o t f i n d i n g i t . W e w o n ' t know wher e
c o n t a m i n a t i o n comes.

W I L L I E T A T E j W e a r e g o i n g t o know about t h e
w e l l s . W e ' l l know i t d i d n ' t g o i n o u r w e l l .
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M R . B O N D Y s W e k i n d o f a l r e a d y know t h a t .
J O D Y B G Y D : I f i t shows u p i n 2 0 0 w e l l s

s p r e a d o u t over t h e a r e a , i t i s d e f i n i t e l y
s o m e t h i n g t h a t we need to know now.

M R . B O N D Y : Y e s .
J U D Y B O Y D : R a t h e r than l a t e r when w e , y o u

k n o w , can no l o n g e r —
M R . T R U S K O W S K I ; W e l l , a s p a r t o f t h e

r e m e d i a l i n v e s t i g a t i o n , w e have h a d p l a n s f o i a
d y e t r a c e r s t u d y done. T h e y were i n t h e
i n v e s t i g a t i o n w o r k p l a n , t h e p h a s e t w o w o r k p l a n
to be d o n e , and we even went so far as to get a
p l a n f r o m M . M . I , f o r d o i n g one. B u t a f t e r
c o n s u l t i n g w i t h f c h e g e o l o g i s t s a n d t h e
h y d r o l o g i s t s t h a t w e have o n s t a f f a n d t h e i r a n d
o u r o v e r s i g h t c o n t r a c t o r s , t h e t i m i n g i s w r o n g .
T h a t i s w h a t i t r e a l l y comes d o w n t o , i s t h a t w e
d o n ' t have t h e g r o u n d w a t e r c o n d i t i o n , because o f
t h e d r o u g h t , t o d o o n e t h a t w o u l d r e a l l y t e l l u s
what we need to know. And what we have got is we
have g o t some very f l o w r a t e s t h r o u g h t h e
a q u i f e r s , t h e c o n d u i t s where t h e water i s
f l o w i n g , and so, as a r e s u l t , we are not s e e i n g
the c o n t a m i n a t i o n coming out in a lot of p l a c e s
t h a t m i g h t , i f t h e wa t e r l ev e l w a s s t i l l u p .
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B O Y D ! w e l l , i t seems U f c a f t o n you t

p e r s p e c t i v e , t h e n , t h a t t h a t w o u l d b e t h e t i m e t o
do i t , b e c a u s e i f l t l s g o i n g t o g h o w u p l n

p e o p l e ' s w e l l s u n d e r t h o s e c o n d i t i o n s , t h a n i t
w o u l d l a t e r u n d e r o p t i m u m c o n d i t i o n s .

M R . T R U S K O W S K I , i t d e p e n d s o n what y o u a r e
t r y i n g t o f i n d o u t . I f y o u a r e , r y i n g f c o f l n d

o u t what h a p p e n s d u r i n g t h e l o w f l o w —
W I L L I E T A T E , W e a r e t r y i n g t o f i n d o u t

"here t h e w a t e r f l o w n t o .
M R . T R U S K O W S K I : R i g h f c . T h a t i f l e j £ a e t l y

r i g h t .
J U D Y B O Y D : A n d c o n s i d e r i n g t h e s i t u a t i o n ,

i f i t w o u l d b e r e a s o n a b l e even t o d o i t u n d e r
l e a s t h a n o p t i m u m c o n d i t i o n s a n d d o i t a g a i n
l a t e r u n d e r o p t i m u m c o n d i t i o n s . W e a r e t a l k i n g
abou t p e o p l e - a l i v e s h e r e , a n d i n t e g r i t y o f t h e
U n d f o r h u n d r e d a o f y e a r s . l t s e ems a
t h i n g to do. Even i f y o u have f c o d o

i t seems w e l l w i t h i n r e a s o n , when y o u a r e t a l k i n g
abou t s p e n d i n g . a i l l i o n s o f d o l l a r s on a —
( I n a u d i b l e ) .

You know, we have h er e a t the a c h o o l ,
t h e r e is a b o o K down in the l i b r a r y , and it is on
g e o l o g y , a n d o n e o f t h e t h i n g s t h a t i t l i s t s i n
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t h e back o f i t i s t h e , you k n o w , t op t o x i c
in th e c o u n t r y . And I g u e s s t h i s i s , t f h a t ,
th e t op 13 , o f th e most — our book d o w n
H o n e s t l y , o u r book d o w n her e l i s t s i t a s
13 in some d e g r e e o f s o m e t h i n g , i - m n o t g u t e

w h a t , b u t t h a t i s n a t i o n - w i d e .
M R . B O N D Y : W e l l , I d i d n ' t 8 e e t h a t , b u f c y o u

J O D Y B O Y D , H o n e s t l y , t h e k i d s b r o u g h t i t t o
us and , h o w e d it to us, and t h i s is a b ook t h a t

w a s p r i n t e d l a s t y e a r . A n d , y o u k n o w , ,ven we.e
t h a t no t t r u e , i t i s o b v i o u s l y a s e r i o u s e n o u g h
p r o b l e m t h a t m i l l i o n s a r e g o i n g t o b e t h r o w n i n
t o r e m e d i a t e t h e p r o b l e m s , and i t j u s t 8eem8 U k ,

v e r y s m a l l t h i n g t o d o o n t h e f r o n t e n d t o nuue
s u r e t h e p r o b l e m s f i t t o a n a d e q u a t e l i v a b l e ,
r e a s o n a b l e l e v e l , r a t h e r t h a n n o t d o i n g i t now.

You k n o w , I don -. .now any c a r d i o l o g i s t t h a t
w o u l d go in and do o p e n h e a r t s u r g e r y on s o m e b o d y
w i t h o u t f i r s t d o i n g r e a s o n a b l e t e s t s t o make s u r e
he k n o w s wha t he i s g o i n g in to do, and vhat i s
e f f e c t i v e , a n d i t s e ems t h a t t h a t w o u l d b e o n e o f
t h e e l e m e n t a r y t h i n g s t o d o .

M R S . A D A M S , A s w i t h t e s t w e l l s U k t t h e i r s .
Y o u know, when y o u ' r e d r i n k i n g w a t e r every d a y ,
why do t h e s e p e o p l e have t o w a i t t o have t h a i
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w e l l s t e s t e d ? W h y d o t h e y have t o g e t your
p e r m i s s i o n a n d p r o v e t o y o u a n d w h o e v e r d i d t h i s
t h a t t h e y d e s e r v e t o have t h e i r w e l l s t e s t e d ?
I t ' s e n o u g h t h a t t h e y have d o u b t abou t t h e i r
w a t e r t h a t t h e y d r i n k ev e ry d a y . W h y d o t h e y
have t o p r o v e t h a t t o you? W h y c a n ' t y o u j u s t
come o u t a n d d o i t a u t o m a t i c a l l y ? I t ' s
e l e m e n t a r y . I t ' s ba s i c . G i v e p e o p l e s e c u r i t y .

B I L L H A I L : W e l l , when y o u a r e l i v i n g r i g h t
on th e t a i l end o f th e l i n e , you k n o w , t h a t i s
w h e r e i t goe s to .

M R S . A D A M S i T h a t ' s r i d i c u l o u s . T h a y have
t o pu t i t in l a t e r .

E D S E L B A K E R ; L i k e y o u s a i d , i t i s g o i n g
w e s t , a n d I a m l i v i n g d u e we s t f r o m t h e a r e a ,
r i g h t o n t h e C r i c k e t b r a n c h , r i g h t o n t h e c r e e k ,
t h a t i s a very s h a l l o w w e l l .

M R S . A D A M S i T h a t ' s a b s u r d .
M R . B O H O Y i Y o u a r e s u g g e s t i n g t h a t —
M R S . A D A M S i I ' m s u g g e s t i n g t h a t p e o p l e

d e s e r v e s e c u r i t y f o r s o m e t h i n g a s b a s i c a s
d r i n k i n g w a t e r when i t i s n o t t h e i r f a u l t t h a t i t
h a s been c o n t a m i n a t e d , a n d t h e l e a s t t h i n g
who ev er i s r e s p o n s i b l e can do i s t e s t the w a t e r
a n d make t h e m have s e c u r i t y . T h a t ' s b a s i c , i s n ' t
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B J & & H A I L ; T h e c o u n t y j u s t — t h e y s h o u l d

have h a d i t d o n e b e f o r e X b o u g h t t h i s p l a c e d o w n
h e r e r i g h t in t h i s c o u n t y o f what wa s g o i n g on
here. I d i d n ' t even know t h e r e w a s a d u m p s i t e
here . T h a t i s k i n d o f f o o l i s h t h e v a y t h e y d o
t h i n g s . I t l o o k s l i k e t h e y k i n d o f b l i n d man,
t h e n ge t h ia m o n e y , and t h e n s i t back and s a y ,
" H a , h a , ha."

W I L L I E T A T E : W e l l , t h a t i s o n e o f t h e
p r o b l e m s o f s e v e r a l p e o p l e t h a t I know o f . T h e y
want t o s e l l , a n d t h e very f i r s t t h i n g , s o m e b o d y
w i l l t e l l t h e m t h a t t h e w e l l m a y b e c o n t a m i n a t e d
o r s o m e t h i n g , a n d t h e y w o n ' t even t a l k w i t h t h e m .
I t h a s been t h a t w a y f o r f o u r o r f i v e y e a r s , a n d
I know a c o u p l e of hou s e s down t h e r e by me t h a t
t h e p e o p l e come a n d l o o k e d , b u t t h e y j u s t l o o k e d
a n d t h e n when t h e y f o u n d o u t t h e w e l l s were
c o n t a m i n a t e d , t h e y d i d n ' t want t o aoss w i t h t h e m .
W h e n y o u s a i d i t w a s g o i n g t o b e f o u r o r f i v e
more y e a r s , t h o s e p e o p l e m a y j u s t n o t need t o
s e l l , t han.

M R . T R U S K O W S K I : A g a i n , t h e w e l l s , y o u k n o w ,
h a v e n ' t shown a n y c o n t a m i n a t i o n .

J O D Y B O V D ; Y o u t e s t e d 1 2 w e l l s , a n d y o u
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d o n ' t even know f o r sure t h e f l o w o f t h e w a t e r ,

B I L L H A I L : ( I n a u d i b l e ) — w i t h o u t even
b e i n g t e s t e d , a n d i t i s e i g h t o n t h e d r a i n o f f o f
w h a t e v e r t h i n g s a r e r e a l l y g o i n g , t h a t i s wha t
r e a l l y b u r n s m e u p .

J O D Y B O Y D i A n d y o u ' r e t a l k i n g t h a t y o u a r e
g o i n g t o d e v e l o p a p r o p o s e d p l a n w i t h o u t ever
d o i n g a dye t r a c e r t o s e e w h e r e the w a t e r i s
g o i n g a n d w h e r e y o u ne ed t o t e s t i t .

M R . T R U S K O W S K I : T h e d y e t r a c e r s t u d y m a y b e
a p a r t o f t h e d e s i g n . A g a i n , w e d o n ' t k n o w / w e
d o n ' t know e x a c t l y h o w w e a r e g o i n g t c a p p r o a c h
t h e s i t e a a y e t . A f t e r t h e r e m e d i a l
i n v e s t i g a t i o n a n d f e a s i b i l i t y s t u d y a r e d o n e r

t h a t i s when w e w i l l come u p w i t h o u r p r o p o s e d
p l a n , a n d t h e r e a r e some v e r y g o o d p o i n t s t h a t
are b e i n g m a d e , and I t h i n k t w o u l d l i k e t o s e e
t h e m a s p a r t o f t h e p u b l i c c o m m e n t s t h a t cone in
a f t e r w e d o i t .

B I L L N A X L i I t a i n ' t g o i n g t o d o a n y good — -
M R S . A D A M S i t f e j u s t have t o k e e p m a k i n g

t h e m . T mean, n o t h i n g h a p p e n s , we t a l k and we
have a n o t h e r m e e t i n g , and t h e n —

H R , B O N D Y i S o , w e w o u l d have t o d o t h a t —
B T L . ' . N A I L ; I f I knew what w a s g o i n g o n h e re
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I n Boone C o u n t y a n d w h e r e t h i s d u m p s i t e a n d
s t u f f , i w o u l d n ' t have ever s u n k $ 5 0 , 0 0 0 . 0 0 i n t o
t h a t p l a c e , I g u a r a n t e e y o u t h a t . i t d o n ' t make
s en s e .

L A D Y ; Y O U s a i d M . M . I , h a s been v e r y
c o o p e r a t i v e . T h e y a r e o n e o f t h e p r i m a r y p e o p l e
w h o e m p l o y p e o p l e h e r e i n t h i s c o u n t y , I m e a n ,
h o w d o t h e y f e e l about c l e a n i n g i t U p , d o t h e y
f e e l a n o b l i g a t i o n t o , o r a r e t h e y , s i n c e t h e y
e m p l o y s o many p e o p l e , g o i n g t o d o p o l i t i c a l l y a s
t h e y p l e a s e .

M R . T R U S K O W S K l ! N O , I t h i n k t h a t t h e y d o
f e e l a n o b l i g a t i o n . I t h i n k t h a t t h e y r e a l i z e
t h a t t h e y a r e p o t e n t i a l l y r e s p o n s i b l e f o r i t , s o
t h e y ar e t r y i n g t o b e v e r y « t h a t i s t h e f e e l I
p e r s o n a l l y g e t f r o m t h a t . N O W , I c a n ' t — t h a t
i s n o t a n o f f i c i a l a g e n c y s t a n c e o r a n y t h i n g l i k e
t h a t , t h a t ' s j u s t —

L A D Y : w e l l , y o u a r e t h e o n e w o r k i n g w i t h
t h e m , you are the one -- ( I n a u d i b l e ) .

M R . T R U S K O W S K I : Y e s , I f e e l l i k e t h e y a r e
t r y i n g t o d o w e l l .

K E N A D A M S s H o w f a r east d i d y o u g o t e s t t h e
w a t e r , t h e g r o u n d w a t e r ?

M R . T R U S K Q W S K l ! T h e w e l l s ?
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K E N A D A M S i N o , j u s t t h e g r o u n d w a t e r .
M R . T R U S K Q W S K I ; A s f a r a s —
K E N A D A M S ; O n t h e o t h e r s i d e o f t h e p l a n t .
M R , , T R U S K O W S K I : s i n k i n g t h e m o n i t o r i n g

w e l l s ?
K E N A D A M S : D o i n g a n y t h i n g .
M R , T R U S K Q W S K I : I w o u l d have t o have a m a p .

t b e l i e v e we were s a m p l i n g w e l l s even ou t in t h i s
area.

K E N A D A M S : O n t h e f a r s i d e , d o w n o n t h i s
s i d e ?

M R . T R U S K O W S K I : O f f o f t h i s s i d e , back down
here?

K E N A D A M S : W h i c h w o u l d b e W a l n u t C r e e k .
M R . T R U S K O W S K I : R i g h t . W e d i d n ' t d o a n y

w e l l s a m p l i n g o u t t h e r e , b e c a u s e —
K E N A D A M S : W h a t a b o u t g r o u n d s u r v e y ?
M R . T R U S K O W S K I ! S u r f a c e s u r v e y ?
K E N A D A M S : Y e s ,
M R . T R U S K O W S K I s N o , w e h a v e n ' t .
M R . B O N D Y j w e s a m p l e d t h e c r e e k .
M R . T R U S K O W S K I : W e s a m p l e d t h e c r e ek .
K E N A D A M S i Y o u s a m p l e d t h e c r e ek .
M R . T R U S K O W S K I i R i g h t . T o s e e i f a n y t h i n g

w a s c o m i n g o u t / w e s a m p l e d t h e s p r i n g c o m i n g o u t
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o f t h e r a i l r o a d t u n n e l , w a t e r c o m i n g o u t o f t h e
r a i l r o a d t u n n e l , n o t h i n g t h e r e , a n d n o t h i n g i n
t h e s e d i m e n t s , n o t h i n g h a s s hown u p o n t h a t s i d e .

K E N A D A M S : T h e r e a r e n o t t h a t many h o u s e s
a l o n g W a l n u t C r e e k , t h a t i s t h e c r e e k t h a t runs
back t h e o t h e r w a y f r o m t h e t u n n e l .

M R , T R U S K O W S K I : I t comes down i n here .
K E N A D A M S : I n o t h e r w o r d s , t h e r e a r e n o t

h o u s e s b u i l t r i g h t a l o n g t h e c r e e k r i g h t t h r o u g h
h e r e , t h e v a r e a p p r o x i m a t e l y o u t t h a t way.

M R . T I - . J S K O W S K I : T h a t i s a l l f i e l d , t h a t ' s
a l l g r a z i n g a n d s t u f f l i k e t h a t .

K E N A D A M S : I know c f o n e s p o t d o w n t h e r e
t h a t h a s d i e s e l , o i l , o i l c a n s , l a y i n g o f f t o t h e
s i d e o f t h e r a i l r o a d t r a c k s , a n d t h a t i s j u s t
s i t t i n g d o w n t h e r e .

E D S E L B A K E R : R i g h t o f f t h e r a i l r o a d .
K E N A D A M S i O f f t h e r a i l r o a d . Y o u c a n s e e —

I have been t h r o u g h the t u n n e l , you can s e e th e
s p r i n g comes o u t w i t h d i e s e l i n i t / r u n n i n g d o w n
t h e s i d e o f t h e b l u f f s , a n d r u n o f f i n t o a
h o l l o w . a s u a l l y i t i s L i g h t t h e r e w h e r e t h e
r a i l r o a d t r a c k m e e t s t h e h o l l o v d i t c h .

M R . T R O S R O W S K I : I ' v e w a l k e d t h r o u g h t h e r e ,
too . I u s ed to w o r k in m i n e s , and we had the
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same t h i n g in t h e r e , and I never r e a l i z e d what
e x a c t l y t h a t w a s t h a t w a s c o m i n g o f f t h e r a i l r o a d
t r a c k s .

K E N A D A M S : I have seen t h a t , I have been
h e r e many y e a r s , I was r a i s e d a r o u n d h e r e , 1 have
w a l k e d t h r o u g h t h e r e h u n t i n g . I ' m 2 6 now, a n d
t h a t 1 s been t e n , 11 , 12 year s ago . It has beer,
s i t t i n g t h e r e a l l t h i s t i m e , t h e h o u s e s , o r t h e
w a t e r go e s t h r o u g h t h e r e , t h e r e i s a f e w o n t h a t
h i l l s i d e , a n d t h e r e ' s caves back i n t h e r e , a n d :
n o b o d y k n o w s w h e r e t h e w a t e r g o e s t h r o u g h , n o
g e o l o g i c a l s u r v e y o f t h e w a t e r f l o w . ( I n a u d i b l e ) -
s e d i m e n t , caves in t h e r e —

M R . T R U S K O W S " ! : A s a p a r t o f b h e
i n v e s t i g a t i o n , we have never f o u n d a n y t h i n g on
f - h a t s i t e , t h a t i s a l l I can -- you k n o w ,
g e o l o g i s t s t h a t w e have w o r k i n g o n t h e s i t e have
i n d i c a t e d t h e w a t e r i s g o i n g t h e o t h e r w a y f r o m
t h e s i t e . I d o n ' t know h o w much m o r e — h o w much
more c e r t a i n t y w e c o u l d have abou t t h e w a t e r n o t
g o i n g down i n t h a t d i r e c t i o n .

J U D Y B O Y D : W e l l , w o u l d n ' t a d y e t r a c e r t e l l
you?

M R . T R O S K O W S K I : Y e s , i t m i g h t . I t m i g h t .
B D S E L B A K E R : I f p r o p e r l y d o n e ?
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M R . T R Q S K O W S K I : B e d o n e i n t h e r i g h t

c o n d i t i o n s , a l s o , You k n o w , one o f our i d e a s i s
t h a t w h e r e t h e w a t e r t h a t w a s c o n t a m i n a t i n g t h e
r a i l r o a d s p r i n g s w a s c o m i n g f r o m , w a s when t h i s
ar ea w h e r e t h e t r e a t m e n t y a r d , t h e s t o r a g e y a r d
w a s o p e r a t i o n a l , what w a s h a p p e n i n g i s t h a t t h e
P O P w a s r u n n i n g o u t t h a t w a y a n d t h e n g e t t i n g
i n t o t h e w a t e r t h e r e a n d c o m i n g back i n t o t h e
r a i l r o a d t u n n e l g o i n g u p t h a t way. B u t ; once i t
s t o p p e d o p e r a t i n g , n o t h i n g ever t u r n e d u p a g a i n .

K E N A D A M S * W h a t a b o u t t h e s t u d y , t h a t t h e y
( I n a u d i b l e ) — t h e t u n n e l ?

M R . T R U S K O W S K I : T h e o n l y ~ - t h i s o n e r i g h t
h e r e , t h e s i n k h o l e , t h e y a r e t a l k i n g a b o u t ?

K E N A D A M S : R i g h t t h e r e .
W I L L I E T A T E : T h a t s i n k h o l e t h a t y o u a r e

t a l k i n g a b o u t , i t d o n ' t g o t o w a r d s t h e t u n n e l , i t
g o e s d o w n a n d comes o u t t h a t s p r i n g .

M R . T R u S K O W S K I s Y e s , w e t h i n k t h a t i t i s
o n e o f t h e ar ea s t h a t m a y b e c h a r g e d t o . I ' m n o t
f a m i l i a r w i t h t h e t u n n e l t h a t y o u a r e t a l k i n g
a b o u t .

A D A M S i R i g h t nex t t o A r k w o o d , r i g h t
n e x t t o t h e p l a n t .

M R . T R U S K O W S K X s T h e r a i l r o a d t u n n e l ?
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K E N A D A M S ; Y e s .
W J L L I E T A T E : T h e s i n k h o l e , t h e s i n k h o l e

d r a i n s i n t o t h o s e t u n n e l s .
M R . T R U S K O W S K I s Y o u a r e n o t t a l k i n g abou t

t h e o n e a c t u a l l y u p o n t h e s i t e / t h e o n e t h a t
t h e y c o v e r e d over w i t h c o n c r e t e ?

K E N A D A M S s N o .
M R . T R U S K O W S K I : Y o u a r e t a l k i n g abou t t h e

o n e d o w n a l o n g t h e s i d e o f t h e —
K E N A D A M S ! Down o n t h e s i d e .
M R . T R O S K O W S K I : I ' m n o t f a m i l i a r w i t h t h a t

a t a l l . I ' m n o t s u r e w h e r e y o u a r e t a l k i n g
a b o u t *

M R . B O N D Y : Y o u g u y s a r e m i s s i n g each o t h e r ,
M R , T R U S K O W S K I : Y e s , I t h i n k w e a r e m i s s i n g

each o t h e r .
K E N A D A M S : A b u n c h o f o i l a n d s t u f f r i g h t

b y t h e r a i l r o a d t u n n e l . I h a d h e a r d t h a t t h e r e
was an o ld m i n e s h a f t or an o ld cave nex t to the
t u n n e l w h i c h t h e y f o u n d b a r r e l s o f d i o x i n a n d
c r e o s o t e down i n t h e r e .

M R . T R U S K O W S K I : O k a y .
K E N A D A M S ; I t m a y have been d o z e d a n d caved

in.
M R . T R O S K O W S K I : I t h i n k I know w h e r e y o u
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a r e t h i n k i n g o f . W h e n I f i r s t t c o k over t h e s i t e
f r o m t h e p a s t R P M , o n e o f t h e t h i n g s I a l w a y s d o
when I get a s i t e I am b e i n g a s s i g n e d to is go
t h r o u g h t h e f i l e s a n d r ead e v e r y t h i n g i n t h e
f i l e s t h a t I can and m a k e s ense cu t —

K E N A D A M S : T h i s m a y n o t have been i n t h e
f i l e ,

M R . T R U S K O W S K I : A n d what I f o u n d i n t h e
f i l e s w a s t h e r e p o r t o f a cave t h a t t h e y u s ed t o
d u m p i n , d u m p t h e s l u d g e i n . T h a t t u r n s o u t t o
b e t h i s s i n k h o l e r i g h t h ere . A n d w h a t t h e y
d u m p e d i n t h e r e w a s t h e s l u d g e s , p l u s some wash
w a t e r , a n d t h e n c o v e r e d i t u p w i t h c o n c r e t e a n d
s t o p p e d u s i n g i t w h e n A D P C & E , A r k a n s a s P o l l u t i o n
C o n t r o l a n d E n v i r o n m e n t , f o u n d o u t a b o u t t h e
c o n t a m i n a t i o n c o m i n g o u t o f t h e r a i l r o a d s p r i n g .
A n d I t h i n k t h a t i s w h e r e — I t h i n k t h a t i s w h a t
y o u a r e h e a r d a b o u t , i g t h i s r i g h t h er e . I t w a s
c a l l e d a cave a t one t i m e t h a t t h e y c ov er ed up ,
cave t h a t t h e y d u m p e d in , bu t what i t i s in
a c t u a l i t y i s a s i n k h o l e t h a t t h e y j g e d o n - s i t e
a s a c o n v e n i e n t d u m p i n g p l a c e . H o w , back t h e n
t h e r e was a h o l e in the g o u n d r i g h t h e r e and you
p o u r y o u r w a t e r in and i t goe s away. I m a g i n e
t h a t . B u t w h a t t h e y h a d w a s a p l a c e f o r
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d i s p o s i n g o f w a s t e w a t e r , I t h i n k t h a t i s what y o u
a r e t a l k i n g a b o u t . T h a t i s t h e o n l y cave t h a t I
have seen or h e a r d a b o u t , even when I w a l k e d d o w n
n e x t t o t h e t u n n e l . T h a t i s t h e o n l y t h i n g t h a t
I c a n t h i n k o f t h a t y o u c o u l d b e t a l k i n g a b o u t .

K A T H Y D U G G A N : Y o u s a i d t h e r e were —
M R . T R U S K O W S K I : G o a h e a d .
L A D Y : W h y d i d y o u d e c i d e a g a i n s t o f f - s i t e

i n c i n e r a t i o n o f some o f t h a t s o i l ?
M R , T R U S K O W S K I : W e h a v e n ' t m a d e a d e c i s i o n

y e t a b o u t o f f - s i t e i n c i n e r a t i o n , o n - s i t e
i n c i n e r a t i o n / w a s h i n g t h e s o i l s , b i o l o g i c a l
t r e a t i n g o f t h e s o i l s , w e h a v e n ' t m a d e a
d e c i s i o n .

L A D Y : ( i n a u d i b l e . )
M R , T R U S K O W S K I : O h , t h e r e m o v a l a c t i o n ?

Y e a h , what h a p p e n e d t h e r e w a s M . K . I , p r o p o s e d —
as p a r t of an i n v e s t i g a t i o n , the o b v i o u s — one
o f t h e o b v i o u s s o u r c e s i s t h a t r a i l r o a d d i t c h
a r e a , you know, I sa id t h a t i s w h e r e th e h i g h e s t
h e a l t h t h r e a t i s f r o m , t h a t i s r i g h t i n h e r e ,
t h i s area r i g h t in here . And wha t i t u s ed t o b e
was s l u d g e s and wa sh w a t e r wa s p o u r e d d o w n in
t h e r e . A s p a r t o f t h e i i n v e s t i g a t i o n , t h e y
r e q u e s t e d t h a t t h e y c o u l d d o i n c i n e r a t i o n . Q u i c k
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d i r t y , t h i s i s t h e b a d s o u r c e , l e t ' s t a k e i t

u p , l e t ' s burn i t .
As we go t c l o s e r and c l o s e r to the end

o f t h e r e m e d i a t i o n , i t b e c a m e r e a l l y d i f f i c u l t
f o r H . M . I , t o f i n d s o m e b o d y t o t a k e i t , a n d t h e
w a i t i n g l i s t o n t h e i n c i n e r a t o r s i , f a l t l y l o n g /
•l.o. And so, it 4. j u a t a case Q £ f c h e l o g i g t . c g

of i t . i t m a d e as much sense to do it as a p a r t
of the r e m e d i a t i o n a s a n y t h i n g e l s e . U w a s a

j o i n t d e c i s i o n m a d e . M . H . I , b a s i c a l l y p u i l e d

back t h e i r r e q u e s t a n d w e w e r e n ' t g o i n g t o f o r c e
t h e i s s u e , b e c a u s e w e w e r e n ' t p r e p a r e d t o d o i t
o u r s e l v e s .

K A T H V D O G G A H 7 : S o , y o u a r e s a y i n g t h a t t h a t

i s n o t o u t , i t i s j u s t d e l a y e d .
M R . T R U S K Q W S K I : R i g h t , r i g h t . I t i s

p r o b a b l y g o i n g t o b e j u s t d e l a y e d . l n f l c t f f f l o s t

o f t h e r e m e d i e s t h a t w e a r e l o o k i n g a t i n c l u d a
t h e i n c i n e r a t i o n o f t h a t m a t e r i a l t h e r e . S o , I t

i s a very real p o s s i b i l i t y t h a t t h a t m a t e r i a l i s
g o i n g t o b e b u r n e d , e v e n t u a l l y .

K A T H V D U G G A N , A n y p o s s i b i l i t y t h a t i t w o u l d
be b u r n e d o n - s i t e ?

M R . T R U S K O W S K I ; V e r y s m a l l , very f l n.U. I
c a n ' t s a y y e t ; w e h a v e n ' t m a d e t h e d e c i s i o n w h a t
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we are g o i n g to do t h e r e .

W I L L I E T A T E ; W e p r o b a b l y w o n ' t know
a n y t h i n g u n t i l a f t e r t h i s f i n a l r e p o r t , t h e n ?

M R . T R U S K O W S K I : when t h e p r o p o s e d p l a n
cones o u t , t h a t i s when you w i l l g e t ou t be s t
i d e a o f wha t we want t o do ou t t h e r e , what E . P . A ,
w a n t s t o do t o best r e m e d y th e s i t e .

J O D Y B O Y D : what i s r e q u i r e d f o r f i n a l
a p p r o v a l o n t h a t p l a n ? I s t h a t p a r t o f t h e —
( I n a u d i b l e ) — i n t h e p r o p o s e d p l a n ?

M R . B O N D Y s W h a t a r e t h e c r i t e r i a t h e r e ?
J O D Y B O Y D ; A t a n y p o i n t , c a n t h e c o m m u n i t y

s a y , i t d o e s n ' t meet o u r s t a n d a r d s , a n d g o back
t o n e g o t i a t i n g ?

M R . B O N D Y : F i r s t o f f , y o u r q u e s t i o n w a s ,
how d^ we s e l e c t th e r e m e d y , w h a t g o e s t h r o u g h
m a k i n g t h e f i n a l d e c i s i o n o f o k a y i n g t h e r e m e d y ,
i s t h a t w h a t y o u a s k e d ?

J U D Y B O Y D s K i g h t , Y o u a r e abou t t o d e v e l o p
a p l a n , a n d t h e n t h e p e o p l e i n t h e c o m m u n i t y w i l l
g i v e i n p u t , what k i n d o f i n p u t , a n d what k i n d o f
p o w e r d o e s th e c o m m u n i t y have? Do you do t h a t
and t h e n go a h e a d and do wha t you p l a n n e d , or
d o e s t h e c o m m u n i t y , t h e p e o p l e i n v o l v e d / d o t h e y
a p p r o v e o f t h e p l a n ?
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H R . B O N D Y : T h e r e a r e a t o t a l o f n i n e
c r i t e r i a t o b e l o o k e d a t . T h e f i r s t t w o a r e
c a l l e d t h e t h r e s h o l d c r i t e r i a . A n d t h e
a l t e r n a t i v e h a s t o mee t t h o s e , t h e p r o t e c t i o n o f
p u b l i c h e a l t h a n d m e e t i n g a l l a p p r o p r i a t e
r e g u l a t i o n ? and l a w s . T h e n i t ha s t o — t h e n i t
g o e s i n t o a b u n c h o f o t h e r t h i n g s , l o n g - t e r m
e f f e c t / s h o r t - t e r m e f f e c t , a n d o n a n d o n . T w o o f
t h o s e i n t h e r e a r e s t a t e , t h e s t a t e g o v e r n m e n t ' s
c o m m e n t s o n t h e p l a n , a n d t h e n t h e c o m m u n i t y
a c c e p t a n c e o f t h e p l a n , c a l l e d c o m m u n i t y
a c c e p t a n c e .

J U D Y B Q Y D s W h a t k i n d o f v e t o d o e s t h a t
have?

M R . B O N D Y : I t i s n o t a v e t o , I w i l l t e l l
y o u t h a t , i f t h a t ' s w h a t y o u ' r e a s k i n g . L e t m e
t e l l you —

J O D Y B O Y D s W h a t k i n d o f e f f e c t , o n o r what
d o e s t h e p u b l i c i n p u t ha s — i s t h a t one and th e
same —

M R , B O N D Y j r t i s a r e a l g r a y t y p e o f t h i n g ,
i n v o l v i n g a lot o f j u d g m e n t s , so i t i s a real
d i f f i c u l t t h i n g t o a n s w e r / what y o u a r e a s k i n g
me. The way i t w o r k s we i s go to the p u b l i c w i t h
a p r o p o s a l f o r t h e p u b l i c , a n d i f t h e p u b l i c
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r a i s e s a lo t o f l e g i t i m a t e c o n c e r n s , i t i s v ery
g r a y . L e g i t i m a t e c o n c e r n s a s j u d g e d b y E . P . A . ,
okay?

J U D Y B O V D : S o , t h e r e i s n o s e t s t a n d a r d
n a t i o n a l l y —

M R . B Q N D Y : T h a t ' s r i g h t .
J U D Y B O Y D : — o f what d e g r e e o f p u b l i c

c o n c e r n i s e n o u g h c o n c e r n t o c h a n g e t h e p l a n ?
M R . B O N D Y : T h a t ' s c o r r e c t .
J U D Y B O Y D : S o , i t ' s r e a l l y l e f t u p t o

E . P . A . t o d e c i d e w h e t h e r t h e d e g r e e o f p u b l i c
c o n c e r n shown i s e n o u g h t o g e n e r a t e f o r more
n e g o t i a t i o n s ?

M R . B O N D Y : R i g h t . Y e s , y o u a r e s a y i n g
n e g o t i a t i o n s , and I am k i n d o f c a t c h i n g on t h a t ,
I ' m n o t s ur e w h a t y o u mean b y n e g o t i a t i o n s .

J U D Y B O Y D : W e l l , p e o p l e i n t h e c o m m u n i t y
have e x p r e s s e d t h e d e s i r e t o have some more
d i a g n o s t i c s t u d i e s m a d e t han have a l r e a d y been
made .

M R . B O N D Y : U h - h u h .
J U D Y B O Y D : H y s p e c i f i c q u e s t i o n , a n d y o u

s a y o n e o f t h o e e nine p o i n t s invo; ' ' e c o m m u n i t y
i n p u t , h o w i s i t m e a s u r e d , what d e g r e e o f i n p u t
c a n en sur e t h a t t h e i r d e s i r e t o have t h e s e o t h e r
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t e s t s — ( I n a u d i b l e ) .

M R . B O N D Y : Y O U a r e k i n d o f m i x i n g t w o
t h i n g s , one, t h e r e m e d y o f t h e s i t e , what a r e w e
g o i n g t o d o t o f i x t h e s i t e ; a n d t w o , y o u want
o t h e r t e s t s t o be run.

J U D Y B O Y D : Y e s , a n d ~ ( i n a u d i b l e ) .
M R . B O N D Y i T h e t w o d o come t o g e t h e r

e v e n t u a l l y , i f a d d i t i o n a l t e a t s w o u l d a f f e c t t h e
r e m e d y or no t . Y o u are k i n d o f a s k i n g me two
t h i n g s .

J O D Y B O Y D , w e l l , d o e s t h a t m e a n , t h e n , t h a t
t h e s e a d d i t i o n a l d i a g n o ^ i c t e s t s s h o u l d b e m a d e
b e f o r e t h e p l a n i s d r a w n u p a n d p r o p o s e d ?

M R . B O N D Y : what i t comes down t o i s w h e t h e r
we b e l i e v e we have go t e n o u g h i n f o r m a t i o n t o
s e l e c t t h e r e m e d y . R 1 g h t now, w e b e l l e v e f c h a f c

do .
B O Y D : A n d I f t h e c o m m u n i t y b e l i e v e s

t h a t y o u d o n ' t have e n o u g h i n f o r m a t i o n , t h e n what
do t h e y do t o g e n e r a t e a c h a n g e ?

M R . B O H D Y s W r i t e t o u s i s t h e be s t way,
w r i t e to us.

M t t K T A T E , s h e i s p r o b a b l y t r y i n g t o f i n d
out —

M R . B O N D Y : O n e t h i n g I want t o b r i n g u p i s
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we are a c c u s e d o f s t u d y i n g f o r e v e r , and now you
want us to s t u d y f u r t h e r . W h a t we do i s try to
g a t h e r t h e amount o f i n f o r m a t i o n t h a t i s
n e c e s s a r y t o c h a r a c t e r i z e t h e e x t e n t o f t h e
c o n t a m i n a t i o n and go and do s o m e t h i n g abou t i t .
T h a t i s w h e r e w e d r a w t h e l i n e . Y o u a r e a s k i n g
us , w h e r e do we d r a w the l i n e , t h e r e i s a g r a y
area w h e r e we d r a w i t . We use our j u d g m e n t to
try to — o k a y , we do a l l o f t h e s e t e s t s t o
f i g u r e ou t how m u c h i n f o r m a t i o n do we need in
o r d e r f or u s t o m a k e a d e c i s i o n on wha t n e e d s t o
be d o n e , how much c o n t a m i n a t i o n i s out t h e r e ,
w h e r e i s i t g o i n g . And we f e e l we have go t
e n o u g h i n f o r m a t i o n t o d o t h a t r i g h t now.

J U D Y B O Y D ; S o , E . P . A . ' s j u d g m e n t i s t h a t
d y e t r a c e r s a r e n o t n e c e s s a r y t o e n s u r e t h e
p e o p l e w h e r e t h i s s t u f f i s g o i n g — ( I n a u d i b l e ) .
I t i s n o t E . P . A . ' 0 d e c i s i o n t h a t t h a t i s
n e c e s s a r y t o have e n o u g h i n f o r m a t i o n t o make
t h e i r p l a n s , i s t h a t what y o u a r e s a y i n g ?

M R . T R O S K O W S K I ; Y o u a r e g e t t i n g i n t o t h e
area o f h o w c o n f i d e n t w e a r e w i t h t h e i n f o r m a t i o n
we have.

J O D Y B O Y D ! R i g h t .
M R . T R U S K C W S K I s W e a r e f a i r l y c o n f i d e n t ,
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yes. I t h i n k a dye t r a c e r s t u d y w o u l d g i v e us
some more i n f o r m a t i o n t h a t w o u l d b e very h e l p f u l ,
make y o u f e e l a l o t b e t t e r , make M . H . I . f e e l a
l o t b e t t e r , m a k e E . P . A . f e e l a l o t b e t t e r about
what we h a v e got out t h e r e , and how w e l l we know
w h e r e t h i n g s a r e g o i n g . W h a t I a m s a y i n g i s t h a t
at t h i s p o i n t , the c o n d i t i o n s are not r i g h t to do
dye t r a c i n g and ge t the i n f o r m a t i o n ou t o f i t
t h a t w o u l d make a n y b o d y f e e l more c o m f o r t a b l e .

J U D Y B G Y D s W e l l , w e a r e h e a d i n g i n t o s p r i n g
w h e r e t h e w a t e r l e v e l many b e a t o t a l l y d i f f e r e n t
t h i n g h e r e .

M R . T R O S K O W S K I : R i g h t . I h o p e s o , I sure
h o p e s o . And my y a r d i s b a d l y in need o f w a t e r
r i g h t now. Y o u k n o w , w e have g o t a c o u p l e o f
g o o d r a i n s . Down in D a l l a s , i t i s s o d r y , t h a t
l a k e l e v e l s ar e s t a r t i n g t o d r o p . It i s no t a
good s i t u a t i o n , a l l in a l l . S e e , one o f t h e
p r o b l e m s w i t h d o i n g t h e d y e t r a c i n g when t h e
w a t e r i s t e a l l ow i s t h a t in th e K a r s t , when th e
w a t e r go e s u p , i t h i t s more c o n d u i t s , more g o i n g
o u t , s o the be s t t i m e to do a dye t r a c i n g w o u l d
b e j u s t a s h i g h a s p o s s i b l e . A n d , u n f o r t u n a t e l y ,
w e d o n ' t have t h a t s i t u a t i o n .

J U D Y B O Y D j D p i n G r e e n F o r e s t , y o u k n o w ,
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they had to do t h e i r s under l e e s t h a n o p t i m u m
c o n d i t i o n s , t oo , and i t s t i l l gave them much more
i n f o r m a t i o n t h a n t h e y w o u l d have h a d w i t h o u t i t ,

M R . T R U S K O W S K I : W e m a y b e f o r c e d t o d o
t h a t , a l s o ; w e d o n ' t know y e t . W e a r e h o p i n g t o
be a b l e t o do i t a t o p t i m u m c o n d i t i o n s . You
k n o w , even i f w e d i d o n e now, w e w o u l d n ' t g e t a n y
i n f o r m a t i o n back u n t i l a f t e r t h e r e c o r d o f
d e c i s i o n , u n l e s s w e p u t o f f t h e r e c o r d o f
d e c i s i o n , w h i c h n o b o d y r e a l l y want s t o d o ,
e i t h e r .

J U D Y B O Y D : W e l l , now, wait a m i n u t e .
N o b o d y i n E . P . A . T h e p e o p l e i n t h e c o m m u n i t y m a y
f e e l d i f f e r e n t l y .

M R . B O N D Y ; L e t m e a n s w e r t h a t . W e m a k e t h e
d e c i s i o n on the r e c o r d , and when we get out and
g e t more i n f o r m a t i o n l a t e r , w e c a n a l w a y s c h a n g e
t h e d e c i s i o n o n t h e r e c o r d . I t h a s been d o n e , I t
ha s been done in th e p a s t . So, once th e d e c i s i o n
is m a d e , t ha t is not it, o k a y , we get some more
i n f o r m a t i o n .

W I L L I E T A T E : I w o u l d k i n d o f l i k e t o know,
m y s e l f f s ay you do some more t e s t s and you s a y ,
o k a y i I d o n ' t t h i n k f o r t h r e e y e a r s , now, i t h a s
went down and m a d e a few more , and we got a
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l i t t l e more, a n d maybe w e o u g h t t o j u s t f o r g e t
t h e w h o l e t h i n g . C a n t h e c ommuni ty have a n y t h i n g
to say?

M R . T R U S K O W S K I : w e l l , p a r t o f t h e — o n e o f
the t h i n g s t h a t we are r e a l l y sure o f i s t h a t a s
p a r t o f the g r o u n d w a t e r r e m e d y , i t w o u l d b e
m o n i t o r e d for about 30 years. So, you know, we
w o u l d n ' t d o i t f o r a c o u p l e o f years a n d s a y ,
" W e l l , n o t h i n g i s s h o w i n g u p , n o t h i n g i s
h a p p e n i n g , s o , l e t ' s j u s t c a l l t h e w h o l e t h i n g
o f f . " w e w i l l k e e p d o i n g t h a t f o r about 3 0
y e a r s . A n d d u r i n g a n y time i n t h e r e , i f t h e r e i s
s o m e t h i n g s h o w i n g up or we get a way t h a t we can
f i n d o u t where t h e w a t e r i s g o i n g , say,
t e c h n o l o g y becomes a v a i l a b l e t o show t h a t , hey ,
we can ge t t h i s p r o b l e m t a k e n care o f j u s t l i k e
t h a t , i t i s a l w a y s p o s s i b l e to go back in and
say, we are g o i n g to do it. T h a t i s a l w a y s a
p o s s i b i l i t y , i t i s o n l y on the ba ck burner .

W I L L I E T A T E s I t i s a p o s s i b i l i t y , y o u have
th e a d d i t i o n a l , a f ew o f t ho s e o f ho t s p o t s —
( I n a u d i b l e ) .

M R . T R U S K O W S K I : W e t h i n k t h a t m a y h a p p e n ,
al so . But you know, l i k e you s a i d , you never
know u n t i l you a c t u a l l y ge t out t h e r e and do i t .
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JODY B Q Y D : I j u s t t h i n k one o f th e main

concerns is when you cont inue to m o n i t o r the
g r o u n d wa t e r f o r y e a r s , i f y o u d o i t a f t e r t h e
way you have been d o i n g it, 12 w e l l s in a very
l i m i t e d a r e a , t h e n y o u a r e n o t c o v e r i n g t h e
c o n c e r n s t h a t you t e s t over a w i d e r area, or at
l e a s t do some d i a g n o s t i c t e s t s t o know t h a t you
d o n ' t need t o cover a l a r g e r area. T h e r e h a s n o t
been a n y t h i n g t o p r o v e tha t y o u s h o u l d n ' t e x p a n d
your t e s t s to a l a r g e r ar ea , i s t h a t c orr e c t?

M R . B O N D Y : W e l l , w e have never f o u n d i t
o f f - s i t e , t h a t is why we say --

J U D Y B O Y D : Y o u never f o u n d i t o f f - s i t e , y o u
s a i d , h o w many t e s t e d areas.

M R . B O N D Y : Y o u a s k e d f o r d i a g n o s t i c , a n d
t h a t is it.

J D D Y B O Y D : W e l l / I w o u l d l i k e t o know —
M R . T R U S K O W S K I : W e l l , i t l o o k s l i k e — i s

t h e h e a r i n g over? I w o u l d l i k e t o t a l k t o y o u
some more.

V I D E O O P E R A T O R : W e l l , t h e m e e t i n g e n d e d b y
p e o p l e j u s t g e t t i n g u p a n d w a l k i n g away,

( W H E R E U P O N , t h e a b o v e - e n t i t l e d p u b l i c
h e a r i n g w a s c o n c l u d e d , )

— — o — —
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C E R T I F I C A T E

S T A T E O F A R K A N S A S
C O U N T Y O F P U L A S K I ss. :

I f D E B B Y E L . P B T R E , C e r t i f i e d C o u r t R e p o r t e r
a n d n o t a r y p u b l i c i n a n d f o r t h e C o u n t y o f P u l a s k i , S t a t e
o f A r k a n s a s , d u l y c o m m i s s i o n e d a n d a c t i n g , d o h e r e b y
c e r t i f y t h a t t h e a b o v e - e n t i t l e d p r o c e e d i n g s were t r a n s c r i b e d
b y m e i n S t e n o t y p e f r o m v i d e o - t a p e a t t h e r e q u e s t o f M a s s
M e r c h a n d i s e r s , I n c . , a n d w i t h such c o r r e c t i o n s a s p e o p l e
f a m i l i a r w i t h t h e p r o c e e d i n g s have i n d i c a t e d , a n d t h e same
t r u l y a n d c o r r e c t l y r e f l e c t s t h e p r o c e e d i n g s h a d t o t h e
be s t o f my a b i l i t y .

W H E R E F O R E , I have s u b s c r i b e d m y s i g n a t u r e a n d
a f f i x e d m y n o t a r i a l seal a s such n o t a r y p u b l i c a t t h * C i t y
o f L i t t l e R o c k , C o u n t y o f P u l a s k i , S t a t e o f A r k a n s a s ,
t h i s t h e _ / A L £ d a v o f ^ c • ? f / j k / j C V , 1390 .-̂ t

-•s
_ , .D E B B Y E " L . I * E T R E , C C RN O T A R Y P U B L I C I N A N D F O RP U L A S K I C O U N T Y , A R K A N S A S

M y C o m m i s s i o n E x p i r e s ;
A u g u s t 4 , 2000.
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